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ABSTRACT
Teamwork is essential for ensuring the quality and safety of healthcare delivery in the
intensive care unit (ICU). Complex procedures are conducted with a diverse team of clinicians
with unique roles and responsibilities. Information about care plans and goals must also be
developed, communicated, and coordinated across multiple disciplines and transferred
effectively between shifts and personnel. The intricacies of routine care are compounded during
emergency events, which require ICU teams to adapt to rapidly changing patient conditions
while facing intense time pressure and conditional stress. Realities such as these emphasize the
need for teamwork skills in the ICU.
The measurement of teamwork serves a number of different purposes, including routine
assessment, directing feedback, and evaluating the impact of improvement initiatives. Yet no
behavioral marker system exists in critical care for quantifying teamwork across multiple task
types. This study contributes to the state of science and practice in critical care by taking a (1)
theory-driven, (2) context-driven, and (3) psychometrically-driven approach to the development
of a teamwork measure. The development of the marker system for the current study considered
the state of science and practice surrounding teamwork in critical care, the application of
behavioral marker systems across the healthcare community, and interviews with front line
clinicians. The ICU behavioral marker system covers four core teamwork dimensions especially
relevant to critical care teams: Communication, Leadership, Backup and Supportive Behavior,
and Team Decision Making, with each dimension subsuming other relevant subdimensions.
This study provided an initial assessment of the reliability and validity of the marker
system by focusing on a subset of teamwork competencies relevant to subset of team tasks. Two
raters scored the performance of 50 teams along six subdimensions during rounds (n=25) and
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handoffs (n=25). In addition to calculating traditional forms of reliability evidence [intraclass
correlations (ICCs) and percent agreement], this study modeled the systematic variance in ratings
associated with raters, instances of teamwork, subdimensions, and tasks by applying
generalizability (G) theory. G theory was also employed to provide evidence that the marker
system adequately distinguishes teamwork competencies targeted for measurement.
The marker system differentiated teamwork subdimensions when the data for rounds and
handoffs were combined and when the data were examined separately by task (G coefficient
greater than 0.80). Additionally, variance associated with instances of teamwork, subdimensions,
and their interaction constituted the greatest proportion of variance in scores while variance
associated with rater and task effects were minimal. That said, there remained a large percentage
of residual error across analyses. Single measures ICCs were fair to good when the data for
rounds and handoffs were combined depending on the competency assessed (0.52 to 0.74). The
ICCs ranged from fair to good when only examining handoffs (0.47 to 0.69) and fair to excellent
when only considering rounds (0.53 to 0.79). Average measures ICCs were always greater than
single measures for each analysis, ranging from good to excellent (overall: 0.69 to 0.85,
handoffs: 0.64 to 0.81, rounds: 0.70 to 0.89). In general, the percent of overall agreement was
substandard, ranging from 0.44 to 0.80 across each task analysis. The percentage of scores within
a single point, however, was nearly perfect, ranging from 0.80 to 1.00 for rounds and handoffs,
handoffs, and rounds.
The confluence of evidence supported the expectation that the marker system
differentiates among teamwork subdmensions. Yet different reliability indices suggested varying
levels of confidence in rater consistency depending on the teamwork competency that was
measured. Because this study applied a psychometric approach, areas for future development and
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testing to redress these issues were identified. There also is a need to assess the viability of this
tool in other research contexts to evaluate its generalizability in places with different norms and
organizational policies as well as for different tasks that emphasize different teamwork skills.
Further, it is important to increase the number of users able to make assessments through lowcost, easily accessible rater training and guidance materials. Particular emphasis should be given
to areas where rater reliability was less than ideal. This would allow future researchers to
evaluate team performance, provide developmental feedback, and determine the impact of future
teamwork improvement initiatives.
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CHAPTER 1: INTRODUCTION1
Statement of Problem
Intensive care units (ICUs) first emerged in the 1950s as an organizational strategy to
improve the efficiency of care given to patients with life-threatening conditions [Joint
Commission Resources (JCR, 2004)]. These units were established to centralize specialized staff
and supporting technologies so hospitals could provide their most vulnerable patient populations
with immediate accesses to critical care services (JCR, 2004). Today, ICU admissions surpass
four million patients each year in the United States, and it is estimated that 80% of Americans
will have some contact with these facilities in their life; some as a patient and others by
extension as a family member or close friend (JCR, 2004). Profoundly, one-fifth of ICU patients
will likely experience an injury from their treatment(s) while hospitalized in the ICU (JCR,
2004).
Breakdowns in teamwork have been recognized as a prominent contributor to medical
errors and incidents across clinical domains for over two decades (Gawande, Zinner, Studdert, &
Brennan, 2003; Leape et al., 1991) and ICUs are not immune from teamwork failures (Pronovost
et al., 2006). In a single-center study, 37% of error records (205 of 554) involved verbal
communication between nurses and physicians (Donchin et al., 1995). Similarly, a multi-center
analysis of 2,075 incidents reported by 23 ICUs over a one year period revealed that team factors
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Segments of this chapter include previously published material of the author: Dietz et al. (2014a) and Dietz et al.
(2014b). Dietz et al. (2014a) is reprinted from the Journal of Critical Care, 29/6, Aaron S. Dietz, Peter J. Pronovost,
Pedro Alejandro Mendez-Tellez, Rhonda Wyskiel, Jill A. Marsteller, David A. Thompson, and Michael A. Rosen
(authors), “A systematic review of teamwork in the intensive care unit: What do we know about teamwork, team
tasks, and improvement strategies?” pages 908-914, copyright (2014), with permission from Elsevier. Dietz et al.
(2014b) is reproduced from BMJ Quality and Safety, “A systematic review of behavioural marker systems in
healthcare: What do we know about their attributes, validity, and application?” Aaron S. Dietz, Peter J. Pronovost,
Kari N. Benson, Pedro Alejandro Mendez-Tellez, Cynthia Dwyer, Rhonda Wyskiel, and Michael A. Rosen
(authors), advanced online publication, copyright (2014), with permission from BMJ Publishing Group Ltd.
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such as communication, team structure, and leadership contributed to 32% of all incidents
(Pronovost et al., 2006). These examples illustrate the saliency of teamwork breakdowns in the
ICU and their potential to jeopardize patient safety.
Patient safety researchers and practitioners alike have turned their attention toward
identifying effective team processes and improvement strategies as mechanisms to help eliminate
preventable harm and death (Buljac-Samardzic, Dekker-van Doorn, van Wijngaarden, & van
Wijk, 2010; Burke, Salas, Wilson-Donnelly, & Priest, 2004; Rosen, Salas, Silvestri, Wu, &
Lazzara, 2008; Schmutz & Manser, 2013). The validity of conclusions drawn from these efforts,
and the extent to which teamwork improves and safety outcomes are realized as a result of
interventions is contingent upon rigorous, psychometrically driven measurement practices
(Rosen et al., 2008). The development and use of valid team performance measures is essential
for providing accurate assessments, directing feedback, and determining the impact of quality
improvement initiatives (Rosen et al., 2010).
Despite the importance of team performance and its measurement in healthcare, a number
of methodological challenges are widely prevalent—no matter the clinical context. Examples
include the emphasis on training individual competencies, variability in work tasks, and the
heterogeneity of team composition and structure (Jeffcott & Mackenzie, 2008). Additionally, the
use of inconsistent terminology to describe teamwork constructs pervades the healthcare
literature (Baker, Gustafson, Beaubien, Salas, & Barach, 2005). There also is considerable
variation in how teamwork is conceptualized and operationalized (Baker et al., 2005). In fact, the
Agency for Healthcare Quality and Safety (AHRQ) concluded that “medical teamwork and team
training research are not formally linked to medical team performance theory” (Baker et al.,
2005, p.50). To redress these gaps, the AHRQ outlined critical research needs, including the
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need for: (1) a medical team performance model, (2) teamwork process and outcome measures,
relative to medicine, and (3) more efficient practices for evaluating medical team training
programs.
The ICU teamwork literature faces similar theoretical challenges. As highlighted in
Chapter 2 (and Chapter 3 for the healthcare community at large), issues related to construct
clarification and terminology use abound. Practically, this means the link between teamwork and
safety and performance outcomes may be misrepresented or misleading. It also complicates the
comparison of research findings across studies; just because a researcher labels a construct as
communication in their research, does not necessarily mean the measurement of that construct is
appropriate given the theoretical basis of what communication represents. Such classification
issues may preclude quantitative comparisons across study findings.

Purpose of the Current Study
The purpose of this study is to develop and test the psychometric properties of a
behavioral marker system to assess ICU team performance across multiple task types. In order to
develop and evaluate the potential of the marker system for assessing ICU team performance,
this study will be: (1) theory-driven, (2) context-driven, and (3) psychometrically-driven. First,
this study will develop a theoretical framework of ICU team performance to guide measurement.
As noted above, the importance of rooting measurement in theory cannot be understated (Baker
& Salas, 1992). The marker system will also be context-driven, meaning guidance from subject
matter experts will be leveraged to provide valid accounts of how competencies relevant to
critical care uniquely manifest. Last, the reliability and validity of the marker system will be
evaluated to outline the strengths and shortcomings of the tool to facilitate future development.
Twenty unique marker systems have been reported in medical team research, yet the
3

psychometric evidence supporting the validity of these systems is often dubious (see Chapter 3).
Failing to account for sources of systematic variance in observed scores may mean that
measurements are representing variance that is not attributable to the construct(s) of interest;
invalidity is the product of variance resulting from systematic effects other than those due to
targeted constructs (DeShon, 2002). The present study will therefore explore systematic effects
in scoring attributions by applying generalizability (G) theory to model good and bad variance
associated with the measurement procedure. Traditional reliability and agreement indices will
also be employed (e.g., intraclass correlations and rater agreement). By relying on a
psychometric approach, specific areas for improvement can be identified.
Overall, this study is expected to provide both theoretical and practical contributions to
the scientific community. First, this study advances the science of teams in critical care by
clearly explicating what team behaviors matter most for different types of team tasks. An
understanding of these factors will be informed from a review of the ICU teamwork literature at
large, critical incident interviews with ICU clinicians, and mapping these findings to theoretical
underpinnings of teamwork in general (see Chapter 4). Second, this study will apply a
psychometric approach to understand where and why the marker system should be improved for
future use and development, a strategy which is not always used in healthcare team research
(Chapter 3). Following improvements identified through this study, the culmination of these
efforts will ultimately result in an evaluation tool that can be used in ICUs to assess teamwork,
facilitate feedback, and determine the impact of future teamwork improvement initiatives.
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Background
This section briefly reviews the science of teams, team performance measurement, and
behavioral marker systems to provide structure for the themes presented in this study.

The Science of Teams
A robust multidisciplinary science of teams has explicated a broad set of factors related to
team effectiveness (Kozlowski & Ilgen, 2006; Salas, Cooke, & Rosen, 2008). This literature, as
well as medical team research at large, has been inundated with inconsistent terminology.
Consequently, key terms used in this study are defined. A team refers to a set of two or more
individuals with specific roles who work interpedently and adaptively toward a shared goal
(Salas, Dickinson, Converse, & Tannenbaum, 1992). Behavior within teams can be classified in
terms of taskwork (i.e., behaviors related to how individual team member’s carry out their
individual work) and teamwork (i.e., behaviors involved when team members interact; Baker &
Salas, 1992). Team performance is the confluence of taskwork and teamwork activities (i.e.,
what the team actually does) and team performance effectiveness refers to whether team
performance outcomes fulfill performance goals and expectations (Salas, Stagl, Burke, &
Goodwin, 2007). In healthcare, the term nontechnical skills also has been used to describe both
individual- and team-related behaviors that are not related to technical aspects of clinical practice
(Gordon, Darbyshire, & Baker, 2012; Yule & Paterson-Brown, 2012).
Team performance is generally characterized in terms of inputs, mediators, and outcomes
(IMO) (Kozlowski & Ilgen, 2006). This IMO framework has been adopted in healthcare as well
(Reader, Flin, Mearns, & Cuthbertson, 2009). As shown in Figure 1, the influence of input
variables such as team, task, and environmental characteristics on focal performance outcomes
5

(e.g., patient outcomes and team outcomes) is dependent on the effectiveness of team processes.
Team processes are the dynamic interactions of team members and can broadly be categorized as
transition (i.e., preparing for or reflecting on the team’s work), action (i.e., task execution), or
interpersonal (i.e., managing personal relationships) in nature (LePine, Piccolo, Jackson,
Mathieu, & Saul, 2008; Marks, Mathieu, & Zaccaro, 2001). This general conceptualization
serves as the organizational framework for this study. Chapter 4 details how teamwork theory
was mapped with context-specific features of critical care to inform the development of the ICU
behavioral marker system.

Inputs
(e.g., composition,
task complexity)

Mediators/
Processes
(e.g., cooperation,
communication)

Outcomes
(e.g., quality and
quantity of
performance)

Figure 1. A generic IPO framework of ICU team performance.

Team Performance Measurement
Brannick and Prince (1997) eloquently stated “one can think of measurement as an
investment in which one purchases information to inform a decision or some kind of action” (p.
5). Without measurement, researchers are unable to understand how well teams are performing,
the impact of interventions (e.g., training), or direct developmental feedback. The authors go on
to describe how factors related to the purpose of measurement, assessment context, attributes
being measured, and quantifying those attributes influence the measurement of teamwork.
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The measurement tool developed for the present study should serve a variety of purposes
related to understanding and improving team functioning in critical care. The types of team tasks
conducted in the ICU will shape what aspects of teamwork should be measured and when they
should be measured (Chapter 4). For instance, responding to a code event will require team
members to exhibit different competencies (e.g., supporting behaviors) than daily rounds (e.g.,
planning and establishing goals). The next step in measurement construction is to determine how
to quantify relevant competencies. Communication, for example, is a latent construct central to
team functioning. How is meaning ascribed to the quality of communication? To answer such a
question, the present study will develop a behavioral marker system for understanding and
quantifying teamwork competencies (see section below).
Once a measure has been developed, it is only useful to the extent that assessments are
reliable and valid. Briefly, reliability concerns the consistency of measurements (e.g., overtime,
between raters) while validity addresses the quality of inferences that can be made from
measurement; if observed scores are the product of bias rather than manifestations of target
constructs, the researcher is unable to draw valid conclusions about research findings.
Additionally, multiple criteria should be leveraged to assess the psychometric properties of a
measurement system; collecting multiple forms of reliability and validity evidence is the
psychometric paragon for demonstrating a measurement tool is actually measuring what it
intends to measure (e.g., Pedhazur & Schmelkin, 1991; Osterlind, 2010. These concepts are
described in greater detail in Chapter 3 as they relate to psychometric evaluation.

Behavioral Marker Systems
In healthcare, team assessment strategies generally rely on perceptual surveys and/or
observational techniques, each with inherent strengths and weaknesses (Rosen et al., 2012).
7

Observation is a widely used strategy for evaluating skills and competencies that drive team
processes (Baker & Salas, 1997). Behavioral marker systems are observational approaches to
team performance measurement that rely on trained raters to assess overt behaviors. These
characteristics make marker systems uniquely suited to capture teamwork skills with enhanced
objectivity (Flin & Martin, 2001). Marker systems also are competency-driven and afford a
standardized lexicon to structure assessments and feedback because of their specificity (ANTS,
2012; NOTSS, 2012; Rosen et al., 2008).
Behavioral markers are “a prescribed set of behaviors indicative of some aspect of
performance” (Flin & Martin, 2001, p. 96). The purpose of a marker system is to rate observable
behaviors or events in order to make inferences about team skills and cognitions. For example,
situational awareness (SA) is a cognitive construct that involves perception, comprehension, and
anticipation (Endsley, 1995; Reader, Flin, Mearns, & Cuthbertson, 2011). Behavioral marker
systems have evaluated SA by eliciting behaviors related to gathering information (e.g., crosschecking), recognizing and understanding (e.g., articulation of cues and their importance), and
anticipation (e.g., actions taken to circumvent a problem; ANTS).

Manuscript Organization
This study seeks to evaluate the strengths and shortcomings of a behavioral marker
system developed to assess ICU team performance. In order to accomplish the objectives
outlined for this study (Table 1), this manuscript begins with two systematic literature reviews.
Chapter 2 details the state of science surrounding ICU teamwork to aid in the identification of
context-specific competencies that drive team performance and the conditions when they are
relevant. Chapter 3 examines the application of behavioral marker systems in healthcare research
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to provide guidance on the content and structure of the marker system developed for this study
and the norms for psychometric quality. These chapters also serve to highlight gaps in research
the current study will redress. Next, Chapter 4 provides an overview of how the marker system
was developed, illustrating how teamwork theory was mapped to marker system content. Chapter
5 describes the methodological approach for testing the reliability and validity of the behavioral
marker system and Chapter 6 reports study findings. Chapter 7 describes the implications of
study findings for future research and development.

Table 1. Overview of study approach and findings.
Chapter
Chapter 1: Introduction

Key Points
 The measurement of teamwork serves a number of different purposes, including
routine assessment, directing feedback, and evaluating the impact of improvement
initiatives.
 No measurement systems have been developed specifically to assess behavioral
indicators of ICU team performance. Therefore, the aim of the present study was to
develop and evaluate the potential of a behavioral marker system for assessing ICU
team performance.

Chapter 2: Teamwork in
the ICU

 This review helped identify competencies particularly relevant to ICU teams and
what circumstances they are important (i.e., what to measure).
 Implications of this review for the current study are addressed.

Chapter 3: Behavioral
Marker Systems in
Healthcare

 This review outlined key features of existing marker systems to guide the
development of the marker system developed for this study (e.g., content, structure,
psychometric evidence; i.e., how to measure).
 Implications of this review for the current study are addressed.

Chapter 4: Behavioral
Marker System
Development Approach

 A framework is presented that demonstrates how teamwork theory was mapped to
context-specific examples of performance to generate the behavioral marker system.

Chapter 5 Methodology

 A multifaceted approach to test the reliability and validity of the marker system is
presented, including studies to index interrater reliability and agreement, establish
content validity (literature reviews and critical incident interviews), and construct
validity (G theory).
 The methodological approach of the G study is outlined and relevant predications are
made.

Chapter 6: Results

 The results of the G study provided support that the marker system reliably
differentiates teamwork competencies and that there was no systematic variance
associated with how raters scored certain teams or teamwork competencies.
 Overall, interrater reliability was good, but analyses along specific competencies and
tasks revealed areas that warrant further consideration to improve the tool prior to
implementing the marker system further.
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Chapter
Chapter 7: Discussion

Key Points
 This study provided initial validity evidence that the marker system can have utility
in differentiating among teamwork competencies.
 Efforts should be taken to study the validity of the marker system in other ICU
settings and for a more representative sample of ICU tasks.
 Rater training and guidance materials should be developed to redress limitations
associated with rater reliability and agreement in order to help advance further use of
the ICU marker system.

10

CHAPTER 2: TEAMWORK IN THE ICU2
Chapter Overview
The purpose of this chapter is to provide insight into what teamwork dimensions are
particularly relevant for ICU teams and when these dimensions are important. This chapter
begins by presenting key research questions to identify these factors and the methods used to
systematically review literature content. Briefly, a great deal of ICU team-based research has
focused on examining teamwork behaviors both in relation to a specific task as well as outside a
specific task. Communication was the most widely cited teamwork construct and transition
cycles of teamwork were the most emphasized type of team task investigated. Yet
conceptualizations and operationalizations of teamwork varied across studies. The chapter
concludes by discussing the implications of these findings for the current study.

Introduction
Increased recognition that teamwork plays a central role in patient safety has resulted in a
rapid expansion of research examining teamwork, team tasks, and interventions to foster
teamwork in the ICU (Ohlinger et al., 2003; Sexton et al., 2011; Stockwell, Slonim, & Pollack,
2007; Thomas, Sexton, & Helmreich, 2003). Several systematic and unsystematic reviews of
teamwork have been conducted in this setting (Baggs, Norton, Schmitt, & Sellers, 2004; Lin,
Chaboyer, & Wallis, 2009; Reader, Flin, Lauche, & Cuthbertson, 2006; Reader, Flin, &
Cuthbertson, 2007; Reader et al., 2009). Given the accelerated pace of this research since
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This chapter includes previously published material of the author: Dietz et al. (2014a). Dietz et al. (2014a) is
reprinted from the Journal of Critical Care, 29/6, Aaron S. Dietz, Peter J. Pronovost, Pedro Alejandro MendezTellez, Rhonda Wyskiel, Jill A. Marsteller, David A. Thompson, and Michael A. Rosen (authors), “A systematic
review of teamwork in the intensive care unit: What do we know about teamwork, team tasks, and improvement
strategies?” pages 908-914, copyright (2014), with permission from Elsevier.
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previous reviews, the greater variety of research offers an opportunity to provide a more detailed
analysis of the types of team constructs under investigation, the clinical tasks that depend on
teamwork, and interventions to optimize teamwork. Specifically, this chapter seeks to answer
four key questions about teamwork in ICUs to help establish the theoretical underpinnings of the
behavioral marker system. First, what is known about the nature and prevalence of team related
failures? Second, how have researchers conceptualized teamwork in ICUs? Third, where has
teamwork been investigated in ICUs (i.e., what tasks or work contexts)? Fourth, what
interventions have been used to improve teamwork (i.e., for what competencies and under what
conditions)? Answering these questions will inform the development of a theoretical framework
of ICU team performance as well as outline strengths and limitations of the current state of ICU
team research.

Method
A Boolean key word search of PubMed was conducted in February 2013. Key word
combinations focused on three areas: (1) teamwork, (2) the ICU, and (3), interventions (e.g.,
training, quality improvement initiatives). Figure 2 details the screening process which was
designed to capture the full spectrum of articles related to teamwork in the ICU. The coding
scheme used to capture content was iteratively revised to ensure extracted content was relevant
and meaningful to the aims of this review. Key variables included information about team
processes and emergent states, team tasks, team interventions, and study outcomes (see
Appendix A and B). After the final stage of screening (Figure 2), 85 articles were retained for
further coding.
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Stage 1: Boolean Search of Pubmed February 22, 2013
Results: Results: 3023 articles
Stage 2: Screening of Titles
Inclusion Criteria: Nominal relevance to teamwork, team tasks, and/or team
interventions
Results: 714 articles

Stage 3: Screening of Abstracts
Inclusion Criteria:
1. Context of manuscript is the ICU AND
2. Manuscript investigates teamwork OR
3. Manuscript investigates team tasks (e.g., handover, transfer, rounds) OR
4. Manuscript investigates interventions to improve team processes OR team
performance episodes
Results: 296

Stage 4: Screening of Abstracts and Full Articles
Inclusion Criteria:
1. Context of manuscript is the ICU AND
2. Context of manuscript is intradepartment (i.e., everything within and only
within the ICU) AND
3. Manuscript reviews a primary data source/includes some sort of replicable
methodology AND
4. Manuscripts describing metric developments must describe results beyond the
psychometric properties of the rating system OR
5. Must be able to extract data from ICU when multiple unit types are discussed
Results: 85

Figure 2. Overview of methodological approach for ICU team research review.

Results
Prevalence of Team Related Failures
A deep understanding of the nature of a problem facilitates the development of effective
assessments and what factors should be targeted for measurement. Only two studies directly
investigated the prevalence or nature of team failures in the ICU. These studies converge and
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suggest that approximately one-third of errors and adverse incidents were linked to
communication (Donchin et al., 1995; Pronovost et al., 2006), leadership, and team structure
(Pronovost et al., 2006). Several other studies have demonstrated significant associations
between the level of teamwork and ICU outcomes. Positive caregiver interaction among ICU
clinicians was associated with shortened length of stay (Shortell et al., 1994). Better leadership,
conflict resolution, and coordination were associated with lower incidents of
periventricular/intraventricular hemorrhage or periventricular leukomalacia (PIVH/PVL;
(Pollack & Koch, 2003). Positive perceptions of nurse-physician collaboration were associated
with reduced likelihood of mortality and/or readmission (Baggs et al., 1999).

Conceptualizations of ICU Teamwork
Teamwork is a broad construct with varying definitions. For example, Salas et al. (2008)
reported that over 130 models and frameworks of team performance have been presented in the
scientific literature. Understanding how investigators have applied teamwork to the ICU
environment can provide guidance on what aspects of teamwork matter most in the ICU as well
as how those concepts can be translated into practical guidance for measurement development.
Twenty-seven unique constructs were identified (Table 2). In some cases, unique teamwork
constructs were collapsed into a single category because of similarity in focus (e.g., team climate
and culture). Seventeen percent of articles (n=14) did not explore any teamwork construct. These
studies often examined a teamwork activity (e.g., rounds) or a teamwork intervention (e.g.,
documentation tool) in relation to patient, individual, or unit/organization outcomes. Many
studies investigated more than one aspect of teamwork. The most widely studied construct was
communication (n=44; 52%), followed by leadership (n=17; 20%), collaboration (n=16; 19%),
coordination (n=12; 14%), and team climate/culture (n=7; 8%). Team constructs also were
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described with varying levels of specificity. For instance, many studies investigated or described
communication as a unidimensional construct (Newkirk, Pamplin, Kuwamoto, Allen, & Chung,
2012; Sluiter et al., 2005) while other studies explored facets of communication such as closedloop communication (Figueroa, Sepanski, Goldberg, & Shah, 2013) and the openness/quality of
communication (Jukkala, James, Autrey, Azuero, & Miltner, 2012).
There also was a great deal of overlap in how team constructs were conceptualized. For
instance, Boyle and Kochinda (2004) described collaborative communication to be the product
of factors such as leadership, communication, coordination, problem-solving and conflict
management, and team culture. Thomas et al. (2003) rated aspects of assertiveness,
collaboration, cooperation, support, coordination, and conflict resolution to assess teamwork
climate. Last, Miller (2001) measured leadership, the openness, satisfaction, and timeliness of
communication, and problem-solving to gauge collaborative interaction.

Table 2. Summary of teamwork constructs, team tasks, and training interventions.
Research Question
What outcomes are being investigated
in ICU team research? (n=85)

Results
 Team (44; 52%)
 Task (43; 51%)
 Patient (24; 28%)
 Individual (20; 24%)
 Unit/Organization (13; 15%)

How has teamwork been
conceptualized and operationalized in
the ICU? (n=85)
















Communication (44; 52%)
Leadership (17; 20%)
Collaboration (16; 19%)
Coordination (12; 14%)
Team Climate/Culture (7; 8%)
Information Exchange (3; 4%)
Conflict Management (3; 4%)
Cohesion (2; 2%)
SA/Team SA (2; 2%)
Shared Mental Model (2; 2%)
Assertion (1; 1%)
Caregiver Interaction (1; 1%)
Cooperation (1; 1%)
Decision-making Inclusion (1; 1%)
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Research Question

Results
 Empowerment (1; 1%)
 Joint Sense-Making (1; 1%)
 Mutual Performance Monitoring (1; 1%)
 Mutual Respect (1; 1%)
 Mutual Support/Assertion (1; 1%)
 Shared Goal Agreement (1; 1%)
 Shared Problem Solving (1; 1%)
 Situation Monitoring (1; 1%)
 Team Commitment (1; 1%)
 Team Satisfaction (1; 1%)
 Trust (1; 1%)
 Verbalizing situational information (1; 1%)
 Not Specified (14; 17%)

Where has teamwork been
investigated in ICU? (n=85)

Research Context
 Multiple ICUs (31; 37%)
 General ICU (15; 18%)
 Pediatric ICU (10; 12%)
 Medical ICU (5; 6%)
 Medical-Surgical ICU (5; 6%)
 Surgical ICU (4; 5%)
 Neurovascular ICU (3; 4%)
 Neonatal ICU (2; 2%)
 Pediatric Cardiac ICU (2; 2%)
 Cardiothoracic ICU (1; 1%)
 Medical-Surgical Pediatric ICU (1; 1%)
 Neuro-ICU (1; 1%)
 Neuroscience ICU (1; 1%)
 Newborn ICU (1; 1%)
 Neurosurgical ICU (1; 1%)
 Trauma ICU (1; 1%)
 Not Applicable (1; 1%)

Team Tasks
 Rounds (33; 39%)
 Clinical (17; 20%)
 Handoff (17; 20%)
 Transfer (2; 2%)
 Huddle/Debrief (1; 1%)
 Multidisciplinary Meetings (1; 1%)
What interventions have been used to
improve teamwork in the ICU? (n=36)












Standardized Patient Status Tool (15; 42%)
Training (8; 22%)
Rounds/Change of Rounding Process (7; 19%)
Specialized Staffing (3; 8%)
Comprehensive Unit-Based Safety Program (2; 6%)
Robotic Tele-Presence (1; 3%)
Safety Attitude Questionnaire Action Plan (1; 3%)
Multidisciplinary Work Shift Evaluations (1; 3%)
Collaborative Communication Intervention (1; 3%)
Wireless Email (1; 3%)
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Research Question

Results

Where has evidence of intervention
effectiveness been demonstrated?
(n=36)







Team outcomes (18; 50%)
Task outcomes (21; 58%)
Patient outcomes (14; 39%)
Individual outcomes (9; 25%)
Unit/Organization outcomes (4; 11%)

Research Settings and Tasks
Reviewing the types of tasks or settings where teamwork has been investigated provides
insight into where teamwork may be most important within an ICU, or what aspects of teamwork
are most important under certain conditions.

Research Context
The context of research varied greatly across studies, indicating the relevance of
teamwork across a wide variety of ICU-types (Table 2). Thirty-seven percent of studies (n=31)
involved more than one ICU, and the majority of single ICU studies (n=38; 45%) had a unique
clinical focus (e.g., pediatric, medical, surgical). One study examined attributes of leadership and
leadership training at a workshop for pediatric intensivists (Stockwell, Pollack, Turenne, &
Slonim, 2005).

Team Tasks
Team tasks investigated in ICU team research are summarized in Table 2. Rounds were
the most common task described in articles (n=33; 39%) and can be characterized as a transition
cycle of teamwork. Rounds typically involve a 20-25 minute discussion of each patient in which
the clinical team prioritizes a daily plan of care (Pronovost et al., 2003). Clinicians can spend as
much as 75% of their time engaged in communication events during rounds (Alvarez & Coiera,
2005). Rounds are a critical team task because they provide a forum in which the entire care
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team can communicate, yet are not necessarily the panacea for the formation of shared
expectations for patient treatment (Custer et al., 2012). The effectiveness of rounds may be
impeded by communication interruptions (Alvarez & Coiera, 2005) or the focus of conversation
(e.g., provider-focused vs. goal-focused; Pronovost et al., 2003). Space constraints, time
pressure, and inefficient access to patient information can further complicate the effectiveness of
rounds (Ho, Xiao, Vaidya, & Hu, 2007).
Like rounds, handoffs can also be characterized as a transition cycle of teamwork and
were described in 20% of reviewed articles (n=17). Handoffs primarily involve the coordination
of patient care (Douglas et al., 2013). During one type of handoff, clinicians from an outgoing
shift brief oncoming clinicians on a patients’ status (Collins et al., 2012). The exchange of
patient information is both complex and central to patient safety (Collins et al., 2012). Pronovost
et al. (2006) found that 12% of incidents reported by 23 ICUs over a one year period resulted
from breakdowns in verbal or written communication during handoffs. Ilan et al. (2012)
observed that physicians spend about 3 minutes discussing each patient during end-of-week
handoffs and that the appropriate use of standardized communication tools was inconsistent.
Further, explicit recommendations were omitted in 60% of observations. Finally, Collins et al.
(2012) reported that handoffs were generally a discipline-specific activity (e.g., nurse-nurse,
physician-physician), limiting information sharing across roles.
For the purpose of this review, clinical tasks are broadly defined as specific taskwork
activities such as cardiac arrest management (Figueroa et al., 2013) or when ‘routine care’
(Pronovost et al., 2006) was mentioned in an article. Clinical tasks were described in 20% of
articles (n=17) and represent action phases of teamwork. In the ICU, work is often conducted at
an accelerated pace to respond to changing patient conditions (Douglas et al., 2013). Task
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diversity magnifies the importance of communication and coordination (Shortell et al., 1994).
For example, the perceived effectiveness of caregiver interaction was associated with better
perceptions of technical care and increased ability to meet patient-family needs (Shortell et al.,
1994). Communicating priorities and appropriate task delegation by leadership are also central to
team performance (Reader et al., 2007).

Interventions to Improve Teamwork
Thirty-six articles described interventions to improve teamwork. As summarized in Table
2, many of these studies involved more than one intervention (e.g., multiple patient tools) and
most were developed primarily to improve teamwork (n=22; 61%). The majority of interventions
identified were standardized protocols (e.g., daily checklist, patient charts; n=15; 42%),
implementation of daily rounds or modification to the rounding structure/process (n=7; 19%),
and training (n=8; 22%).
Standardized protocols are typically applied to augment the rounding or handover
process (Abraham, Kannampallil, & Patel, 2012; Narasimhan, Eisen, Mahoney, Acerra, &
Rosen, 2006; Newkirk et al., 2012). Pronovost et al. (2003) developed a daily goal sheet as a
communication tool to increase clinician understanding of patient care objectives for that day.
Daily goals help to make goals explicit and reduce ambiguity among team members, especially
when a team member reads back the patients goals. Prior to the intervention, daily patient goals
were understood by less than 10% of residents and nurses. Following the intervention, daily
patient goals were understood by more than 95% of nurses and residents. Daily goal sheets have
been applied in a number of ICUs, given their effectiveness as a mechanism to improve the
communication of daily care plans (Narasimhan et al., 2006; Phipps & Thomas, 2007; Rehder et
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al., 2012), but ensuring clinician compliance is a key challenge for realizing the benefit of these
tools (Newkirk et al., 2012).
Rounds were described earlier as an important team task in which care plans are formally
discussed and prioritized. Rounds led by an ICU physician have been associated with shorter
hospital stays, reduced hospital costs, and fewer postoperative complications (Dimick,
Pronovost, Heitmiller, & Lipsett, 2001). An explicit approach to rounds increased confidence
among clinicians that a long-term care plan was in place for patients as well as their overall
satisfaction with rounding processes (Dodek & Raboud, 2003). The implementation of
multidisciplinary rounds also contributed to decreased incidents of adverse clinical outcomes
(e.g., ventilator associated pneumonia, bloodstream infections, and urinary tract infections; Jain,
Miller, Belt, King, & Berwick, 2006; Johnson et al., 2009).
All training interventions were designed specifically to improve teamwork and seven of
eight training articles described interventions to improve teamwork skills during clinical tasks.
There was not enough information to determine a specific task for one training article (Boyle &
Kochinda, 2004). Simulation-based training was applied in five studies and in each case, highfidelity simulators were used (Allan et al., 2010; Figueroa et al., 2013; Meurling, Hedman,
Sandahl, Fellander-Tsai, & Wallin, 2013; Nunnink, Welsh, Abbey, & Buschel, 2009; Pascual et
al., 2011). All studies reported improved team outcomes following team training. For example,
Mayer et al. (2011) investigated team performance before and after a classroom-based course
emphasizing the TeamSTEPPS® curriculum. Core competency areas such as communication,
leadership, situation monitoring, and mutual support/assertion were significantly improved onemonth following the intervention. Improvement was not significantly maintained for all of the
competency areas 12-months after team training, suggesting the need for recurrent team training

20

or other interventions to sustain program success. Allan et al. (2010) applied Crew Resource
Management (CRM) principles to improve teamwork skills during resuscitation events.
Following training, participants were more confident in their ability to lead future resuscitations
and indicated they were more likely to speak up if they believed the resuscitation was not being
managed effectively.
In sum, effective team interventions in the ICU include implementing rounds,
standardizing the rounding process with daily goals, and enhancing teamwork skills through
team training. No study evaluated the synergistic impact of all of three of these interventions.
Evidence of intervention effectiveness has been demonstrated with respect to team factors (n=18;
50%; e.g., improved perception of communication after training; Meurling et al., 2013) patient
factors (n=14; 39%; e.g., rates of ventilator associated pneumonia; Stone et al., 2011), task
factors (n=21; 58%; e.g., perceived accuracy with a new sign-out document; Palma, Sharek, &
Longhurst, 2011), individual factors (n=9; 25%; e.g., job satisfaction; Boyle & Kochinda, 2004),
and unit/organizational factors (n=4; 11%; e.g., safety climate; Vigorito, McNicoll, Adams, &
Sexton, 2011).

Summary
This chapter has enumerated which teamwork constructs have received the most attention
in ICU team research as well as the team tasks and interventions investigated to guide the
development of the behavioral marker system. Table 3 integrates key findings of this review by
addressing which aspects of teamwork have been investigated in different task settings and
targeted by which improvement methods. Team interventions are presented along the horizontal
row and team tasks are presented along the vertical column. Within each cell are team constructs
that were associated with tasks and/or interventions. The number of times a teamwork construct
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was specified in an article is noted in parentheses, with the exception of instances when a
construct was only referenced once.
As demonstrated by Table 3, a great deal of research has focused on examining teamwork
behaviors both in relation to a specific task as well as outside of a specific task. This is consistent
with calls for measurement and training to focus on team components that are both general and
specific to types of teams as well as general and specific to types of team tasks (Cannon-Bowers,
Tannenbaum, Salas, & Volpe, 1995; Thomas, 2011). Communication was described earlier in
this review as the most prominent teamwork construct identified. This it is not surprising because
communication skills (e.g., clarity, completeness; Smith-Jentsch, Cannon-Bowers, Tannenbaum,
& Salas, 2008) are needed during both transition and action cycles of teamwork. Transition
cycles of teamwork were the most common team task investigated and, in turn, interventions to
improve performance on such tasks were emphasized in the literature. Team training
interventions targeted a variety of competencies needed to preform specific clinical tasks, while
structured protocols were widely employed for improving the efficacy of rounds and handoffs.
Interpersonal processes transpire during both transition and action cycles of teamwork (Marks et
al., 2001). For example, Studdert et al. (2003) noted that the source of intrateam conflict
typically centered on care plan discrepancies (55%), communication deficiencies with other team
members (12%), not including all team members in decision making (9%), and poor
coordination (7%). Team leadership can also have a profound influence on interpersonal
processes; team leaders set the tone for positive teamwork by establishing norms to promote
effective team member interactions, being accessible and encouraging, and providing
constructive feedback (Reader, Flin, & Cuthbertson, 2011).
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Implications
This chapter also illuminates areas that must be addressed before a behavioral marker
system of ICU teamwork can be developed. First, surprisingly few studies examined the nature
of teamwork breakdowns. Additional qualitative research (e.g., cognitive task analyses) is
needed to better understand teamwork facilitators and barriers. Such an understanding can
inform areas for measurement tools to target for assessment in order to provide clinical teams
feedback on current levels of teamwork. Critical incident interviews with a diverse
representation of clinicians were conducted to this end (Chapter 4).
Second, conceptualizations of teamwork varied in the ICU teamwork literature. This
finding is consistent with the broader teamwork literature in healthcare (Baker et al., 2005) and
represents low hanging fruit that can yield significant dividends. For example, communication
has been conceptualized in the ICU team literature as (1) a unidimensional construct, (2) a
multidimensional construct, and (3) an attribute of other constructs. With respect to developing a
measurement tool, this finding signifies the importance of explicitly outlining teamwork
competencies in relation to existing definitions of teamwork dimensions. A key challenge,
however, is that teamwork constructs are not orthogonal (LePine et al., 2008). Communication,
coordination, and cooperation skills are all likely to contribute to the effective exchange of
patient information. For example, teamwork climate as described by Thomas et al. (2003) is a
manifestation of several dimensions. A critical research need for the present study is to clearly
delineate what attributes are being measured and report findings in relationship to a clearly
defined theoretical and operational definition of the construct(s) under investigation. Such
construct clarification will allow for more meaningful interpretations of study findings and
provide a foundation on which to base future quantitative reviews of teamwork within the ICU.
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At this point, it is important to note the work of Reader and colleagues (2009) towards
redressing this gap. The authors presented a theoretical framework of ICU team performance,
where factors related to team input variables (team, task, and leader characteristics) are mediated
by teamwork processes (communication, leadership, coordination, and decision-making) to
produce team outputs (team outcomes and patient outcomes). This chapter builds on this work by
providing a more detailed analysis of the types of team constructs under investigation in relation
to team tasks and interventions to guide the development of the behavioral marker system.
Third, teamwork has been investigated across a wide range of ICU types and a strong
emphasis has been placed on transition cycles of teamwork (i.e., rounds and handoffs). Further, a
great deal of research has focused on examining teamwork behaviors both in relation to a
specific task as well as outside of a specific task. This is consistent with calls for both general
and task specific interventions to improve teamwork (Cannon-Bowers et al., 1995; Thomas,
2011) and reinforces the conception of patient care in the ICU as a complex team endeavor.
Depending on the type of team task, there may be variability in team composition, the degree of
interdependence required, and the pace at which tasks must be completed. This reality requires
team members to develop competencies that are not only specific to a particular task or team
(e.g., implicit coordination, shared mental models), but also competencies that are transportable
and can be generalized to different teams and different tasks (e.g., assertiveness, backup
behavior; Cannon-Bowers et al., 1995). Future research would benefit from explicitly defining
the functional characteristics of team tasks that are investigated, the competencies required for
task execution, and whether the competencies are specific or generic to ICU teams and tasks. A
theoretical framework specifying aspects of teamwork that matter for ICU team performance and
when they matter is presented in Chapter 4. This framework is important to convey whether
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manifestations of teamwork constructs vary by task and will help future researchers interpret the
extent to which study results generalize to new ICU team contexts.

Conclusions
This chapter provided insight into what teamwork competencies are most relevant to
ICUs and the tasks when they are most relevant. Additionally, this chapter identified research
areas that must be addressed before a behavioral marker system of ICU teamwork can be
developed, including: (1) additional qualitative research to understand drivers and barriers to
ICU team performance, (2) explicitly defining teamwork constructs, and (3) explicating a
theoretical framework of ICU team performance that specifies what dimensions of teamwork
matter most and when they matter (see Chapter 4).
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Table 3.Team Construct X Task X Intervention Matrix.
Intervention
Task

Clinical
(n = 17)

Training
(n=8)

1. Communication
(4)
2.
Collaboration
3. Team
Climate
4. Mutual
Respect
5.
Empowerment
6. Leadership (4)
7.
Situation
Monitoring
8. Mutual
Support/
Assertion
9.
Situational Awareness
10.
Assertion
(2)
11. Coordination
12.
Mutual
performance

Rounds/
Change
of
Rounding
Process
(n=7)

Robotic
Telepresence
(n=1)

Standardized
Patient
Status Tool
(n=15)

1. Communication (1)

Safety
Attitude
Questionnaire
Action
Plan
(n =1)

Staffing
(n=3)

1.
Communication
2. Not
specified
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CUSP
(n=2)

Collaborative
Communication
Intervention
(n=1)

Wireless
Email
(n=1)

Multidisciplinary
Work Shift
Evaluations
(n =1)

Not
Specified/
Not
Applicable
(n =49)

1. Communication
(4)
2.
Leadership
(2)
3. Coordination
4.
Decisionmaking
Inclusion
5. Collaboration (2)
6.
Leadership
7.
Cohesion
8. Not
specified

Intervention
Task

Training
(n=8)

Rounds/
Change
of
Rounding
Process
(n=7)

Robotic
Telepresence
(n=1)

Standardized
Patient
Status Tool
(n=15)

Safety
Attitude
Questionnaire
Action
Plan
(n =1)

Staffing
(n=3)

CUSP
(n=2)

Collaborative
Communication
Intervention
(n=1)

Wireless
Email
(n=1)

Multidisciplinary
Work Shift
Evaluations
(n =1)

Not
Specified/
Not
Applicable
(n =49)

monitoring
13.
Verbalizing
situationnal
information
14. Not
specified

Handoff
(n =17)

1. Coordination (6)
2. Communication
(10)
3.Information
exchange
(2)
4. Collaboration (2)
5. Shared
mental
model (2)

1. Communication (2)
2. Not
specified (2)
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Intervention
Task

Rounds
(n = 33)

Training
(n=8)

Rounds/
Change
of
Rounding
Process
(n=7)

1. Communication
(4)
2.
Cohesion
2. Not
Specified
(2)

Robotic
Telepresence
(n=1)

1. Team
Satisfaction

Standardized
Patient
Status Tool
(n=15)

1. Communication (8)
2. Team
Culture (2)
3. Shared
Goal Agreement
4. Collaboration
5. Not
Specified (2)

Safety
Attitude
Questionnaire
Action
Plan
(n =1)

Staffing
(n=3)

1. Not
specified

Huddle/
Debrief
(n =1)
Transfer
(n =2)
Multidisciplinary
Meetings

CUSP
(n=2)

Collaborative
Communication
Intervention
(n=1)

Wireless
Email
(n=1)

Multidisciplinary
Work Shift
Evaluations
(n =1)

Not
Specified/
Not
Applicable
(n =49)
1. Coordination (3)
2. Communication
(11)
3.
Leadership
(4)
4. Team
SA
5. Information
exchange
(2)
5.Shared
mental
model (2)
6. Collaboration (3)
7.
Cohesion
8. Joint
sensemaking
9. Not
specified
(3)
1. N/A
(study
dependent
variable)
1. Collaboration (2)
1. Collaboration
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Intervention
Task

Training
(n=8)

Rounds/
Change
of
Rounding
Process
(n=7)

Robotic
Telepresence
(n=1)

Standardized
Patient
Status Tool
(n=15)

Safety
Attitude
Questionnaire
Action
Plan
(n =1)

Staffing
(n=3)

CUSP
(n=2)

Collaborative
Communication
Intervention
(n=1)

Wireless
Email
(n=1)

Multidisciplinary
Work Shift
Evaluations
(n =1)

Not
Specified/
Not
Applicable
(n =49)

1. Communication

1. Collaboration (8)
2. Communication
(6)
3.
Leadership
(7)
4. Coordination (4)
5. Team
Commitment
6. Team
Climate (2)
7. Conflict
management (3)
8.
Caregiver
Interaction
9. Shared
problem
solving
10. Cooperation
11. Trust
12. Not
specified
(2)

(n=1)

Not
Specified/
Not
Applicable
(n = 25)

1. Communication

1. Not
Specified

1. Team
Climate
(2)

1. Team
Climate
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1. Communication

1. Not
specified

CHAPTER 3: BEHAVIORAL MARKER SYSTEMS IN HEALTHCARE3
Chapter Overview
With an understanding of the state of ICU team research in mind, this chapter
systematically reviews of the use of behavioral marker systems in medical team research to
provide guidance on how the marker system developed for the present study should be structured
as well as the evidence needed to establish psychometric quality. Four key research questions
will be addressed: (1) what are the attributes of the behavioral marker systems used in healthcare,
(2) what evidence of reliability and validity exist, (3) what skills and expertise are required for
their use, and (4) how have behavioral marker systems been applied to investigate the
relationship between teamwork and other constructs in healthcare?

Method
A Boolean search was conducted using PubMed in February 2013 to identify articles
relating to the following components: (1) health professionals/healthcare, (2) teamwork/
nontechnical skills, and (3) behavioral assessment/observation. Figure 3 summarizes the
screening process. A coding scheme was iteratively developed to systematically capture article
content germane to the objectives of this review, including: attributes of the marker system (i.e.,
behaviors, techniques, targets of measurement), psychometric properties of the marker system,
and application of the marker system in healthcare research.

3

This chapter includes previously published material of the author: Dietz et al. (2014b). Dietz et al. (2014b) is
reproduced from BMJ Quality and Safety, “A systematic review of behavioural marker systems in healthcare: What
do we know about their attributes, validity, and application?” Aaron S. Dietz, Peter J. Pronovost, Kari N. Benson,
Pedro Alejandro Mendez-Tellez, Cynthia Dwyer, Rhonda Wyskiel, and Michael A. Rosen (authors), advanced
online publication, copyright (2014), with permission from BMJ Publishing Group Ltd.
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Results
Thirty-seven articles describing 20 unique marker systems met the inclusion criteria
(Figure 3). The most widely employed marker system was the Observational Teamwork
Assessment for Surgery (OTAS) evaluation tool (n=10; 27%). No other marker system was
described more than three times. The primary purpose of 60% of articles (n=22) was to report
development or validation efforts of the marker system. Eighty-nine percent of articles were
quantitative (n=33) compared to just 11% that were qualitative (n=4). Sixty percent of articles
specified that raters received some sort of training prior to behavioral assessment (n=22). Rater
training was not specified in 30% of quantitative articles (n=11).

Stage 1: Boolean Search of Pubmed February 2013
Results: 485 articles

Stage 2: Screening of titles
Inclusion Criteria: Nominal relevance to teamwork
measurement/observation techniques
Results: 141 articles

Stage 3: Review of Abstracts and Study Methodology
Inclusion Criteria:
1. Article investigates teams/teamwork behaviors in healthcare settings using
behavioral assessment methodologies OR
2. Article describes the development of a behavioral assessment
methodology to assess team/teamwork behaviors in healthcare settings
Results: 37 articles

Figure 3. Methodological approach for marker review.

Attributes of Behavioral Marker Systems
This question addresses what behaviors are being investigated, why they are being
investigated, and what techniques are used for assessment.
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Content of Measurement
The systems reviewed applied a variety of classification structures varying in their level
of specificity or granularity. Of the 20 identified measurement systems, six utilized a hierarchical
structure to cluster behaviors. For example, the Non-Technical Skills for Surgeons (NOTSS)
system obtains ratings for four categories of behavior (situation awareness, decision-making,
communication and teamwork, and leadership) each with three elements that constitute a
taxonomy of nontechnical skills for surgeons (NOTSS, 2012). Each NOTSS element is paired
with positive and negative examples of behaviors to guide assessment. Other systems, such as
OTAS, do not categorize behaviors with subdimensions (OTAS, 2011). The Just-In-Time
Pediatric Airway Provider Performance Scale (JIT-PAPPS; Nishisaki et al., 2011) assesses
decision-making as a unidimensional construct while the Anaesthetists’ Non-Technical Skills
(ANTS) system assesses decision-making as the product of (1) identifying options, (2) balancing
and selecting options, and (3) re-evaluating (ANTS, 2012; Fletcher et al., 2003).
In order to examine what behaviors were targeted for measurement, behaviors (both
categories and elements) from each marker system were amalgamated. One-hundred and four
unique behaviors were identified after exact duplicates were removed. Next, duplicates with
nominal relevance were removed to account for redundancies in terminology that are ostensibly
describing the same attribute (e.g., coordination, coordinating activities with team members,
coordinating with others). Seventy-nine unique constructs were retained following this
qualitative data reduction. There were other instances where behaviors were paired with discrete
constructs [e.g., leadership and team coordination (Frengley et al., 2011), teamwork and
cooperation (Flowerdew, Brown, Vincent, & Woloshynowych, 2012)].
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Context of Measurement
Fifteen of 20 marker systems were developed for a specific clinical work area, with
surgery (n=7; 35%) and resuscitation (n=6; 30%) being the most common (Table 4). OTAS,
which was originally developed for surgery, was adapted for use in rounds (O'Leary, Boudreau,
Creden, Slade, & Williams, 2012) and handoffs (Nagpal et al., 2011; Symons et al., 2012). Four
marker systems were developed to assess behaviors of a single team member: anesthesiologists
(Fletcher et al., 2003), emergency medicine physicians (Flowerdew et al., 2012), scrub
practitioners (Mitchell et al., 2012a), and surgeons (Yule et al., 2009). Not enough information
was available to determine the intended context of measurement in two articles (Capella et al.,
2010; Sudikoff, Overly, & Shapiro, 2009).

Scoring Method
Fourteen marker systems reported to use Likert-scales for assessment and 12 of these
scales included descriptive anchors at the maximum and minimum values as an assessment aid
(Table 4). The number of scale points ranged from three to nine. For example, OTAS ratings
cover five behaviors, three subteams (surgical, anaesthetic, nursing), and three operative phases
of surgery (pre-operative, intra-operative, post-operative; OTAS, 2011). This results in 45
behavioral ratings for a single surgery. Raters assess performance using a seven point Likertscale ranging from zero (Problematic behavior; team function severely hindered) to six
(Exemplary behavior; very highly effective in enhancing team function). The Oxford NonTechnical Skills (NOTECHS) scale relies on a summative scoring of behaviors over the entire
observation (Mishra, Catchpole, & McCulloch, 2009) Raters assess performance using a four
point Likert-scale ranging from one (Below standard; behavior directly compromises patient
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safety and effective teamwork) to four (Excellent; behavior enhances patient safety and
teamwork, a model for all other teams).
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Table 4. Overview of target of measurement and scoring method.
Marker System

Scoring Method

Type of Assessment

Number of
Scale Points

Temporal
Organization

Developed for
specific task?

Developed for
single team
member?

References

Adapted Mayo High
Performance
Teamwork Scale

Checklist

Presence/ absence of
team behavior/
competency

XX

No temporal structure

Y. Resuscitation

N

(Hamilton et al.,
2009)

7 (N/A option)

Summative assessment
of behaviors and
categories of behaviors
over an entire observed
session; Global
teamwork score

N

N

(Sutton, Liao,
Jimmieson, &
Restubog, 2011)

N

N

(Frengley et al.,
2011)

N

(Nishisaki et al.,
2011)

Team Functioning
Assessment Tool

Likert scale

Quality of behavior/
competency

Teamwork Behavioral
Rater

Likert-scale;
Behavioral
rating anchors

Quality of behavior/
competency

7

Summative assessment
of behaviors and
categories of behaviors
over an entire observed
session; Global
teamwork score

Just-in-time pediatric
airway provider
performance scale
(JIT-PAPPS)

Checklist;
Weighted

Completion or
partial completion of
observed event

XX

Sequence of events is
temporally based

Y. Airway
management

Andersen et al. (2010)

Checklist

Presence/ absence of
observed event

XX

Events/behaviors are
not temporally
structured

Y. Cardiac arrest
management

N

Multi-disciplinary
Team (MDT)
Performance
Assessment Tool

Likert-scale;
Behavioral
rating anchors

Quality of behavior/
competency

5

Summative assessment
of behaviors over an
entire observed session

Y.
Multidisciplinary
cancer team
meeting

N
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(Andersen,
Jensen, Lippert,
Ostergaard, &
Klausen, 2010)
(Lamb,
Sevdalis,
Mostafid,
Vincent, &
Green, 2011;
Lamb, Wong,
Vincent, Green,
& Sevdalis,
2011)

Marker System

University of Texas
Behavioral Markers for
Neonatal Resuscitation
(UTBMNR)

Team Emergency
Assessment Measure
(TEAM)

Scoring Method

Likert scale;
Rating anchors

Likert scale

Type of Assessment

Observability and
frequency of ratings

Quality of behavior/
competency

Observational Skillbased Clinical
Assessment tool for
Resuscitation
(OSCAR)

Likert-scale;
Behavioral
rating anchors

Quality of behavior/
competency

Simulation Team
Assessment Tool

Likert-scale;
Behavioral
rating anchors

Completion and
timeliness of
behavior/
competency

Frequency count

Quantity of
communication
frequency

Sevdalis et al. (2012)

Objective Teamwork
Assessment System
(OTAS)

Likert-scale;
Behavioral
rating anchors

Quality of behavior/
competency

Developed for
single team
member?

References

N

(Thomas,
Sexton, &
Helmreich,
2004)

Number of
Scale Points

Temporal
Organization

Developed for
specific task?

0-5
(observability);
1-4 (frequency)

Summative assessment
of
observability/frequency
of behaviors over an
entire session; global
scores for teamwork
and leadership

Y. Neonatal
resuscitation

5 (behaviors);
10 (global)

Summative assessment
of behaviors over an
entire observed session;
1 global assessment of
teamwork

Y. Resuscitation

N

7

Summative assessment
of behaviors and
categories of behaviors
over an entire observed
session (individual and
subteam-level)

Y. Resuscitation

N

(Walker et al.,
2011)

3 (N/A option)

Summative assessment
of behaviors and
categories of behaviors
over an entire observed
session

Y. Resuscitation

N

(Reid et al.,
2012)

XX

Aggregate assessment
of communication types
over the course of an
observed session

Y. Surgery

N

(Sevdalis et al.,
2012)

N

(Hull, Arora,
Kassab,
Kneebone, &
Sevdalis, 2011a;
Hull, Arora,
Kassab,
Kneebone, &

Surgical stages: preoperative,
intraoperative, postoperative

7
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Y. Surgery

(Cooper et al.,
2012; Mullan,
Wuestner, Kerr,
Christopher, &
Patel, 2012)

Marker System

Scoring Method

Type of Assessment

Number of
Scale Points

Temporal
Organization

Developed for
specific task?

Developed for
single team
member?

References

Sevdalis,
2011b; Mishra
et al., 2009;
O'Leary et al.,
2012; Russ et
al., 2012;
Symons et al.,
2012; Undre,
Sevdalis,
Healey, Darzi,
& Vincent,
2007; Wetzel et
al., 2010;
Wetzel et al.,
2011)

Y. Surgery

N

(Moorthy,
Munz, Adams,
Pandey, &
Darzi, 2005)

Unable to determine

Unable to
determine

Unable to
determine

(Sudikoff et al.,
2009)

Unable to determine

Y. Resuscitation

Unable to
determine

(Capella et al.,
2010)

4

Quality of behavior/
competency

5

Summative assessment
of behaviors, categories
of behaviors, and global
nontechnical skills over
an entire observed
session

Unable to
determine

Unable to determine

Unable to
determine

Unable to
determine

Unable to determine

Unable to
determine

Oxford Non-Technical
Skills (NOTECHS)

Likert-scale;
Behavioral
rating anchors

LOSA Checklist
(Adapted)

Likert-scale;
Behavioral
rating anchors

Behaviorally Anchored
Rating Scale
Trauma team
Performance
Observation Tool
(TPOT)

N

(Mishra,
Catchpole,
Dale, &
McCulloch,
2008; Mishra et
al., 2009)

Summative assessment
of behaviors and
categories of behaviors
over an entire observed
session

Quality of behavior/
competency
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Y. Surgery

Marker System

Scoring Method

Type of Assessment

Anaesthesia NonTechnical Skills
(ANTS)

Likert-scale;
Behavioral
rating anchors

Flowerdew et al.
(2012)

Likert-scale;
Behavioral
rating anchors

Quality of behavior/
competency

Scrub Practitioners’
List of Intraoperative
Non-Technical Skills
(SPLINTS)

Likert-scale;
Behavioral
rating anchors

Quality of behavior/
competency

Non-Technical Skills
for Surgeons (NOTSS)

Likert-scale;
Behavioral
rating anchors

Quality of behavior/
competency

Quality of behavior/
competency

Number of
Scale Points

Temporal
Organization

4 (N/A option)

Summative assessment
of behaviors and
categories of behaviors
over an entire observed
session

9

Summative assessment
of behaviors and
categories of behaviors
over an entire observed
session

4 (N/A option)

Summative assessment
of behaviors and
categories of behaviors
over an entire observed
session

4 (N/A option)
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Summative assessment
of behaviors and
categories of behaviors
over an entire observed
session

Developed for
specific task?

Developed for
single team
member?

Y. Surgery

Y.
Anesthesiologist

N

Y. Emergency
Medicine
Physician

Y. Surgery

Y. Scrub
Practitioner

Y. Surgery

Y. Surgeon

References

(Fletcher et al.,
2003; Graham,
Hocking, &
Giles, 2010;
Westli, Johnsen,
Eid, Rasten, &
Brattebo, 2010)
(Flowerdew et
al., 2012;
Flowerdew et
al., 2012)
(Mitchell et al.,
2012a; Mitchell
et al., 2012b)
(Crossley,
Marriott,
Purdie, &
Beard, 2011;
Yule, Flin,
PatersonBrown, Maran,
& Rowley,
2006; Yule et
al., 2009)

In addition to Likert-scales, three marker systems relied on checklists and one marker
system used a frequency count. Andersen and colleagues (2010) developed a checklist with 22
behavioral markers for the formative assessment of resuscitation teams. Raters identify the
occurrence or absence of target behaviors during assessment, but there is no chronological
sequence for when raters can expect behaviors to occur. Conversely, the JIT-PAPPS checklist
uses a temporal structure to assess whether certain actions during airway management
simulations were accomplished, partially accomplished, or not done all. These actions were
linked to competencies such as situational awareness (SA), decision-making, task management,
and teamwork. Further, certain tasks were weighted to connote heightened importance of a
particular skill.

Evidence of Reliability and Validity
The inferences drawn from measurement must be considered in relation to the established
psychometric properties of a measurement tool. The reliability of a measure concerns its
consistency over repeated measurements. Validity addresses its accuracy and utility in relation to
the performance context and the quality of inferences that can be made from a specific process of
data collection (Pedhazur & Schmelkin, 1991). Establishing the reliability of a measure is
necessary, but not sufficient for ensuring its validity (Cook & Beckman, 2006).
Types of reliability and validity reported in the 37 articles are described in Table 5 and
related evidence is summarized in Table 6. Reliability evidence was reported for 15 marker
systems and evidence of validity was reported for 14 marker systems. Content validity was the
most common type of validity evidence presented (n=11; 55%), followed by observability (n=5;
25%), concurrent/convergent validity (n=4; 20%) and sensitivity (n=4; 15%). Crossley and
colleagues (2011) discussed a comprehensive process to evaluate the reliability and validity of
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NOTSS. This evaluation involved 715 assessments of 404 surgical cases by four types of raters
who had received minimal training (56 anaesthetists, 39 scrub nurses, 2 surgical care
practitioners, and 3 independent raters). The authors applied generalizability (G) theory to
demonstrate good reliability for the marker system. NOTSS scores were also subjected to
exploratory factor analysis to establish the internal structure of the marker system. The solution
demonstrated a pattern of results mostly consistent with the hierarchical structure specified by
the instrument with the exception of the behavior ‘setting and maintaining standards’ which
loaded on both Leadership and Situation Awareness. The relationship of NOTSS categories to
external variables was also examined to confirm NOTSS measured attributes related to
nontechnical and training-related skills.
Mitchell et al. (2012b) examined the reliability and validity of the Scrub Practitioners’
List of Intraoperative Non-Technical Skills (SPLINTS) system. Thirty-four scrub practitioners
attended a one day training session in the use of SPLINTS and then rated nontechnical
performance in seven standardized video simulations. Evaluation criteria focused on reliability
(within-group agreement and internal consistency), validity (accuracy, completeness,
observability), and usability (acceptability and usability). Within-group agreement was good for
each skill category, but one-third of skill elements did not reach acceptable thresholds (rwg >
0.7). Within-group agreement also varied by scenario. Estimates of internal consistency
corroborated the hierarchal structure of the measurement system and participants indicated that
SPLINTS addressed important nontechnical skills and that behaviors were easy to observe.
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Table 5. Types of reliability and validity evidence reported.
Types of Reliability
Reported

Definition

Interrater reliability

The relationship of rating scores between two or more assessors for the same attribute over multiple rating periods
(Trochim, October 20, 2006).

Interrater agreement

Consistency in which raters assess an attribute with higher (or lower) scores across rating periods.

Internal consistency

Estimates how well items and/or subparts of a measurement instrument actually measure the attribute they are
purported to measure (Pedhazur & Schmelkin, 1991).

Test-Retest Reliability

The consistency of a measurement instrument across multiple rating periods (Trochim, October 20, 2006).

Generalizability
Theory

Generalizability (G) and Decision (D) studies are conducted to identify the magnitude and sources of measurement
error and estimate the dependability of a measurement instrument with alternative research designs (Brennan,
2001).

Types of Validity
Reported
Content Validity
Convergent/
Concurrent Validity
Observability
Relationship to
external variables/
Sensitivity
Completeness
Accuracy

Definition
The extent to which items of a measurement instrument are important and relevant to a performance context
(Lynn, 1986).
The degree to which constructs of a measurement instrument are correlated with similar approaches purported to
measure the same construct (Campbell & Fiske, 1959).
The extent to which behaviors being targeted for measurement can actually be observed by raters (Fletcher et al.,
2003) .
Different conditions should elicit unique responses and the marker system should be able to make this
discrimination.
The scope of the measurement instrument is comprehensive and captures all relevant behaviors (Mitchell et al.,
2012b).
The ability of raters to make accurate assessments (Fletcher et al., 2003). Accuracy differs from interrater
reliability because raters can be consistent, but not accurate.

Internal Structure

Exploratory factor analysis is applied to compare how well a set of indicators of a construct match the
organizational structure explicated by the measurement instrument (Tabachnick & Fidell, 2007).

Unidimensional
validity

The item to total score correlation for a measurement instrument (Cooper et al., 2012).

41

Table 6. Evidence of reliability and validity.
Marker System

Evidence of reliability

Evidence of validity

1. Interrater reliability: ICCs =.9 (95% CI: 0.79–0.97)
(Andersen et al., 2010).
Andersen et al.
(2010)

2. Single item agreement: rate of instructor agreement on
single items of checklist ranged from 0.58 to 0.82.
(Andersen et al., 2010)
3. Single item agreement: Kappa for single items ranged
from 0.03 to 0.82. (Andersen et al., 2010)
1. Interrater reliability: ICCs = .72 (p<.05) (for trauma
training) (Westli et al., 2010).
2. Interrater reliability: Rater agreement between expert
raters and trainee raters ranged from 0.11 to. 062.(Graham
et al., 2010)

ANTS

Behaviorally
Anchored Rating
Scale

Flowerdew et al.
(2012)

Just-in-time
pediatric airway
provider

3. Internal consistency: Cronbach's alpha for each
dimension ranged from 0.77 to 0.87;(Graham et al., 2010)
(Chronbach alpha ranged from 0.79 to 0.86.(Fletcher et
al., 2003)

1. Content validity: interviews to determine initial needs and
presentation to a group of ALS instructors/providers (Andersen et al.,
2010) .
2. Concurrent validity: compared instructor scores to reference values
(ICC = .93; 95% CI: 0.71–0.98) (Andersen et al., 2010).

1. Completeness: (survey of participants) 100% of participants
indicated that ANTS addressed key non-tech skills and 84% did not
feel any ANTS elements were missing from videos (Fletcher et al.,
2003).
2. Observability (Survey of participants): Elements were observable
greater than 80% of the time and categories were observable more
than 95% of the time (Fletcher et al., 2003).
3. Accuracy/sensitivity: Average deviation from referent ratings
(Fletcher et al., 2003).

4. Interrater agreement: Ranged from 0.55 to 0.67 at the
element level and 0.56 to 0.65 at the categorical level
(Fletcher et al., 2003).

4. Content Validity: Cognitive task analysis reported from previous
development (Fletcher et al., 2003).

Not Specified.

Not Specified.

1. Interrater reliability: ICCs for 3 pairs of observers was
low (0.575, 0.532 and 0.419) (Flowerdew et al., 2012).

1. Content validity: Assessed using content validity index 0.75
(participants rating an item as very important/essential divided by the
total number of participants) (Flowerdew et al., 2012).

2. Test-retest reliability: Spearmans Rho was 0.26 when
examining individual skills but mean scores were 0.70
(Flowerdew et al., 2012).

2. Observability: Frequency of skills observed divided by number of
assessments (Flowerdew et al., 2012).

1. Interrater reliability: Correlation coefficient between
expert rater and RAs for the overall (.73, p = .001; .88, <
.001) and behavioral domain (0.63, p=.009; .84 p <.001)

42

Not Specified.

Marker System
performance scale
(JIT-PAPPS)
LOSA Checklist
(Adapted)
Mayo High
Performance
Teamwork Scale
(Adapted)

Evidence of reliability

Evidence of validity

(Nishisaki et al., 2011).

1. Interrater reliability: Alpha = 0.84 (Moorthy et al.,
2005).

Not Specified.
1. Sensitivity to skill: Capability of rating system to discriminate
between effective/ineffective performance (p<.001) (Hamilton et al.,
2009).

Not Specified.
2. Sensitivity to scenario: raters identified the presence of certain
team attributes differently based on the scenario (53% to 94%,
p<.001) (Hamilton et al., 2009).
1. Concurrent validity: Median correlation was rho = 0.74 between
observer’s ratings and self-reported scores (Lamb et al., 2011).

MDT Performance
Assessment Tool

1. Interrater reliability: ICCs ranged from 0.31 to 0.87
(Lamb et al., 2011).

2. Content validity: Review of team performance and assessment
tools and adaption of existing assessment tools (Lamb et al., 2011).
3. Face validity: An oncologist and a CNS were consulted (Lamb et
al., 2011).

1. Interrater reliability: Rwg = 0.99;(Mishra et al., 2009)
Chronbach's alpha = 0.880 (Mishra et al., 2008).
NOTECHS

2. Test-retest reliability: non-significant differences
observed between the 3 intervention periods (p=0.281) and
post intervention periods (p=0.368) (Mishra et al., 2009).
1. G and D studies demonstrated good reliability (Crossley
et al., 2011).

NOTSS

2. Interrater agreement: the mode rating of non-tech
behaviors was the same as the expert group half of the time
(12/24) (Yule et al., 2009).
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1. Sensitivity to performance differences: Capability of rating system
to explain performance differences: rho=-0.413, n=65, p=.001)
(Mishra et al., 2009).
2. Convergent validity: Comparison between OTAS and NOTECHS
ratings (r=0.886, n=5, p=0.046) (Mishra et al., 2009).
1. Internal Structure: Exploratory factor analysis (Crossley et al.,
2011).
2. Relationship to external variables: Intercorrelations with other
measures (Crossley et al., 2011).
3. Content validity: Cognitive task analysis (Yule et al., 2006).

Marker System

Evidence of reliability

Evidence of validity

1. Internal consistency: Cronbach's alpha for all behaviors
were greater than 0.70 (Walker et al., 2011).

1. Face validity: 10 experts rated validity, 39 behaviors were rated as
critically important (Walker et al., 2011).

2. Interrater reliability: ICCs were high for all behaviors
for each subgroup of clinicians (Walker et al., 2011).

2. Content validity: Same as face validity (Walker et al., 2011).

OSCAR

OTAS

1. Interrater reliability: Rho ranged from 0.53 to 0.68 for
each category (rounds) (O'Leary et al., 2012); ICC = 0.61
(P<0.001) (handoff) (Symons et al., 2012); Spearman
correlation = .829 (p<.001) (handoff) (Nagpal et al., 2011);
Significant correlation between raters (r=.71, p<.01) (Hull
et al., 2011a); Rater scores were highly correlated with
each other for observed behaviors (r >0.50), with the
exception of communication (r=0.35), (Undre et al., 2007).
2. Interrater agreement: Mean ICCs between expert/novice
raters. Significant improvement in interrater reliability over
time F(2,27) = 4.12-22.95, p's < 0.05 (Russ et al., 2012).

Sevdalis et al.
(2012)

Interobserver Agreement: ICC=0.92–0.98 (P = 0.001)
(Sevdalis et al., 2012).

1. Content validity: High user involvement in Delphi sampling (for
handoff) (Nagpal et al., 2011).
2. Content validity: Exemplars were refined by a panel of experts
(Hull et al., 2011b).
3. Observability: (Interobserver agreement of presence/absence of 130
behaviors) Cohen's K was greater than or equal to 0.41 for 84% of
behaviors (Hull et al., 2011b).
4. Concurrent validity: Correlation with another teamwork measure
(for handoff) (Symons et al., 2012).

Not Specified.
1. Content validity: Focus groups (Mitchell et al., 2012a).

1. Interrater agreement: Within-group agreement (rwg >
0.70) (Mitchell et al., 2012b).
SPLINTS

2. Internal consistency: mean absolute difference < 0.2 of a
scale point between category and elements (Mitchell et al.,
2012b).

2. Completeness: Degree to which participants feel SPLINTS
addressed requisite nontechnical skills (Mitchell et al., 2012b).
3. Observability: Participants determined it was (a) very easy, (b)
easy, or (c) average amount of ease to link behaviors with elements
(Mitchell et al., 2012b).
4. Accuracy/Sensitivity: Average deviation from referent ratings
(Mitchell et al., 2012b).
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Marker System

Evidence of reliability

Evidence of validity
1. Content validity: Review of tool by 7 experts (Reid et al., 2012).

STAT

TEAM
Teamwork
Behavioral Rater
TFAT
TPOT
University of
Texas Behavioral
Markers for
Neonatal
Resuscitation

1. Interrater reliability: ICC=.81(Reid et al., 2012).

2. Sensitivity to skill: Capability of STAT to distinguish expert/
novice performance: Experts performed significantly better (mean =
.84) than novices (mean = .66, p =0.02) (Reid et al., 2012).

1. Internal consistency: a = .923 (Cooper et al., 2012).

1. Unidimensional validity: Item to total scale correlations ranged
from 0.583 to 0.909 (Cooper et al., 2012).

Not Specified.

Not Specified.

1. Interrater reliability: Kendall’s coefficients of
concordance W were all significant for each subscale as
well as overall score (Sutton et al., 2011).

1. Content validity: Card sorting exercise assessing whether experts
could determine and sort the 15 behavioral elements into the five core
categories (Sutton et al., 2011).

Not Specified.

Not Specified.
1. Content validity: Focus groups (Thomas et al., 2004).

Not Specified.

2. Observability: Review of video recordings of resuscitations of
infants (Thomas et al., 2004).
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The majority marker systems reported evidence of content validity and several
approaches for establishing content validity were applied. Flowerdew et al. (2012) surveyed
hospital staff to rate the degree to which certain nontechnical skills were applicable to an
emergency department and created an index of content validity (i.e., the proportion of total
respondents rating a behavior as important). Nagpal et al. (2011) used Delphi sampling—a
consensus building technique— to establish the content of the Postoperative Handover
Assessment Tool (PoHAT), which leveraged OTAS dimensions to score teamwork.
In sum, interrater reliability was the most widely cited index of measurement consistency.
A variety of approaches have been used to assess validity, including: convergence with other
rating systems (Lamb et al., 2011), sensitivity to scenario attributes (Hamilton et al., 2009),
content of the measurement instrument (Flowerdew et al., 2012; Walker et al., 2011), and the
completeness and observability of the marker system (Fletcher et al., 2003).

Required Skills and Training
Calibrating rater scores is necessary to ensure research results are reliable, which is
generally achieved through rater training. Information detailing the length of rater training was
reported in 27% of articles (n=10). The time spent training raters ranged from just over two
hours (Yule et al., 2009) to over two days (Russ et al., 2012). Four separate marker systems
reported the length of rater training to last at least one day (Frengley et al., 2011; Graham et al.,
2010; Russ et al., 2012; Sutton et al., 2011) and other articles simply stated that rater training
was ‘minimal’ (Crossley et al., 2011) or involved a certain amount of practice observations of
unspecified structure or duration (O'Leary et al., 2012).
Ratings made between novice raters and expert referents demonstrated good reliability in
as little as four to six hours of training (Fletcher et al., 2003; Mitchell et al., 2012b) while other
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examples were much more time-intensive, lasting over two days (Russ et al., 2012). Russ et al.
(2012) reported how the reliability between expert and novice ratings using OTAS improved at
each stage of rater training, with the learning curve being contingent upon the construct being
measured. Rater training involved approximately two hours of declarative information
presentation followed by one hour of video-based practice. Next, raters observed 10 surgical
cases and received immediate feedback on their assessments during post-observation debriefings
(approximately 18 total hours). High rater calibration for coordination was established
immediately so improvements were not significant due to a ceiling effect. Considerable
improvements were demonstrated for communication, cooperation, and leadership over the first
seven observations while steady improvements in rater calibration for monitoring/SA were
demonstrated over the entire observation period. Further, there was no significant difference
between novice raters with different professional backgrounds (i.e., surgery and psychology).
The impact of rater training on rater performance was mixed, however. Following a two
and a half hour NOTSS training course, the mode rating of nontechnical behaviors made by
novices was the same as experts only half of the time (Yule et al., 2009). Additionally, novices
tended to underrate nontechnical performance compared to experts (Yule et al., 2009). Graham et
al. (2010) found considerable differences between expert and novice ratings following a one day
ANTS training session, with a major source of disagreement being the misclassification on
nontechnical skills; raters were identifying behaviors, but scoring them as different elements of
teamwork. Finally, Lamb et al. (2011) reported a significant difference in ratings made between
disciplines (i.e., surgeon and psychologist), though there was a significant improvement of
intraclass correlations (ICCs) as more cases were observed.
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Applications of Behavioral Marker Systems in Healthcare Research
Fifteen articles employed marker systems to test the relationship between constructs
(n=4), study the effects of an intervention (n=5), or describe teamwork in relation to task
activities (n=7). Westli et al. (2010) investigated team skills during trauma simulations. Team
membership included a surgeon as the team lead, an anesthesiologist, an anaesthetic nurse, an
emergency medical nurse, and a radiographer. Positive relationships between performance and
competencies such as information exchange, coordination, communication, and SA were
reported. Surprisingly, higher performing teams demonstrated less supporting behavior. Other
studies reported differences in teamwork scores based on professional background (Hull et al.,
2011a; Mishra et al., 2008) and years of experience (Wetzel et al., 2010).
Behavioral marker systems have also been employed to establish the effectiveness of
training interventions (Capella et al., 2010; Nishisaki et al., 2011). Frengley et al. (2011)
evaluated the relative effectiveness of simulation-based training and case-based learning on the
management of airway and cardiac crises with the Teamwork Behavior Rater. The authors
reported teamwork skills significantly improved for both intervention strategies.
Feedback/debriefing on teamwork skills during training was described in four articles, but none
described the process of how feedback was delivered or whether it was structured.
With respect to task activities, Symons et al. (2012) adapted OTAS to study teamwork
skills in a handoff. Despite establishing adequate interrater reliability and concurrent validity
with another teamwork scale, the authors did not observe significant correlations between
teamwork skills and the completion of handoff content, handoff length, interruptions during
handoffs, or attendance at handoffs. Sevdalis et al. (2012) observed that communication events
were most likely initiated by surgeons (80%) and were received by either surgeons (46-56%) or
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nurses (38-40%). Additionally, laparoscopic surgeries tended to involve more communication
events that were equipment related and that were directive compared to open surgeries. Another
study found surgeons’ SA was negatively correlated with technical errors (Mishra et al., 2008).
Forty percent of applied research articles did not report evidence of rater reliability or
training.

Implications
This chapter answered four research questions surrounding the use of behavioral marker
systems in healthcare. First, this chapter intended to identify the attributes of behavioral marker
systems. A surprisingly large number of unique skills and competencies were found to be
targeted for measurement. It is likely that marker systems cover similar content, but inconsistent
terminology and differing levels of granularity used to describe constructs complicates the
comparison of behavioral marker content across systems. This finding is consistent with a
previous review of medical teamwork (Baker et al., 2005; see also Chapter 2) as well as reviews
of marker systems in other domains (Flin & Martin, 2001). Additionally, the majority of marker
systems were developed for a specific work domain or task, yet none were specific to ICU teams.
The temporal structure or resolution of a measurement system is a key attribute with
implications for ease of training and data use. Most marker systems used a low resolution time
scale where behavioral assessments were made once over the entire rating period (e.g., a team
received one score for a dimension for the entire observation period). Low temporal resolution
ratings may illuminate what teamwork deficiencies exist, but not necessarily why they occurred
(Salas, Rosen, Burke, Nicholson, & Howse, 2007). Conversely, systems with higher levels of
temporal resolution identify phases of performance or multiple time blocks within an
observational period. For example, OTAS rates teamwork dimensions across three phases of
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surgery and JIT-PAPPS used an event based approach to measurement (EBAT) (Nishisaki et al.,
2011). EBAT tools rate teamwork competencies and skills relative to stimulus events (Dwyer,
Fowlkes, Oser, Salas, & Lane, 1997; J. Fowlkes, Lane, Salas, Franz, & Oser, 1994; J. E. Fowlkes
& Burke, 2005; Rosen et al., 2008). This approach is most useful for training or for assessments
of tasks that are highly structured, where scripted scenario events provide opportunities for
trainees to exhibit teamwork skills (Rosen et al., 2010). These systems are viable for providing
explicit feedback on processes that explain why deficiencies in teamwork may exist. Further, this
approach may reduce the cognitive load placed on raters by explicating what is supposed to be
assessed and when; raters detect the presence or absence of events following an observation
checklist that is temporally constructed which can enhance objectivity (Flin & Martin, 2001). A
key shortcoming to EBAT is that generalizability is limited to the context and task being
assessed. For instance, stimulus events indicative of teamwork skills for a resuscitation task
would be fundamentally different for a handoff.
A second objective of this chapter was to examine evidence of reliability and validity.
The most widely cited index of reliability was the calibration of scores among raters, yet
interrater reliability only estimates one source of measurement error: the rater. In reality, error
variance and systematic bias in ratings can come from of other sources such as the time of
observation, participants being observed, and the context of observation. Unlike traditional
approaches to reliability testing, which estimate a single source of measurement error, G studies
seek to categorize and explain the magnitude of error variance for multiple sources (Brennan,
2001; DeShon, 2002). This information is then used to determine whether alternative designs
would minimize measurement error in future applications (Shavelson & Webb, 1991). Although
G theory is a valuable approach for reliability testing, it was only carried out in one study
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(Crossley et al., 2011). G theory provides a future opportunity for researchers to unequivocally
define and account for sources of measurement error. Therefore, the present study will apply G
theory to provide evidence of reliability and validity.
Marker systems seek to quantify abstract variables (e.g., cooperation, SA) with observed
behaviors, which makes the quality of inferences that can be drawn from these tools of
paramount importance. The most prevalent approach to establish validity was to authenticate the
veracity of measurement content (i.e., content validity). Evidence of validity should come from a
variety of sources, such as the content of the measurement tool, whether or not team
competencies are actually being observed, the tools’ internal structure, and convergent and
discriminate relationships with other constructs to name only a few (Osterlind, 2010). Clearly,
extensive evidence is needed to establish the validity of a marker system, but multiple sources of
evidence were only reported for 12 marker systems. While exceptions exist (Table 6), the marker
system literature requires further validation research. This finding is consistent with previous
reviews on performance measurement in healthcare (Jeffcott & Mackenzie, 2008). Therefore, an
objective of the current study is to present multiple sources of reliability and validity evidence.
The third objective of this chapter was to understand what expertise is required for raters
to sufficiently judge performance. Accurate judgments of behaviors directly influence the
validity of inferences drawn from measurement and all raters are susceptible to biases, no matter
their professional background. This makes rater training necessary to immerse raters in the
content of the marker system, its appropriate use for observation, and to curtail the possibility of
rater biases manifesting during assessments (Flin & Martin, 2001). Best practices for behavioral
assessment call for recurrent rater training and reliability testing to ensure rater scores are
calibrated and accurate over time (Rosen et al., 2010). The impact of rater training on rater
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proficiency was mixed (Mitchell et al., 2012b; Nishisaki et al., 2011; Yule et al., 2009), but
evidence suggests improvements can be made over time (Russ et al., 2012).
The final aim of this chapter was to examine the application of behavioral marker
systems in healthcare. Focal shortcomings identified in this review were deficiencies in rater
training and reliability reporting. Just because a measure has demonstrated evidence of reliability
and validity in previous research does not mean it will inevitably be successful in a new context
(Healey, Undre, & Vincent, 2004). Raters must still be trained in the use of the measurement
system and reliability testing should be reported to ensure the veracity of conclusions.
At this point, it is worth acknowledging a particularly relevant article that was not
returned in the search results for review and synthesis (see Figure 3, Stage 1). Weller and
colleagues (2011) developed a marker system to measure ICU teamwork and applied G theory in
their reliability assessment. The focus of measurement, however, was restricted to four
emergency scenarios and the G study was conducted in a simulated research setting. The content
of the marker system was also adapted from the Mayo High Performance Teamwork Scale, with
the authors revising and adding items as needed. Like other marker systems reviewed, the
authors combined unique teamwork competencies as a single rating dimension: ‘Leadership’ and
‘Team Coordination.’ The present study seeks to develop and evaluate a much more
comprehensive marker system, with content methodically developed through literature syntheses
(Chapters 2 and 3), subject matter interviews (Chapter 4), and tested in a naturalistic setting
(Chapters 5 and 6).
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Conclusions
Key features of behavioral maker systems in healthcare were reviewed to guide the
development of the ICU system for this study. In general, behavioral marker systems are
designed for specific work domains or tasks. Marker systems vary in their content and structure,
even for the same task. Although several approaches were applied to establish reliability and
validity, the marker system literature as a whole requires more robust reliability and validity
evidence. Research considerations for the current study include: (1) establishing evidence of
reliability and validity from multiple forms (a single index is not sufficient), (2) applying G
theory in addition to traditional reliability metrics, (3) reporting how raters were immersed in the
content of the measurement tool, and (4) selecting a scoring format appropriate for the tasks
being rated (e.g., high vs. low temporal resolution).
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CHAPTER 4: DEVELOPING AN ICU BEHAVIORAL MARKER SYSTEM
Chapters 2 and 3 illuminated a number of critical issues that support the need to develop
a theoretically-based, psychometrically-driven behavioral marker system to assess ICU team
performance. As reported in Chapter 1, “medical teamwork and team training research are not
formally linked to medical team performance theory” (Baker et al. 2005, p.50). Nearly 10 years
since this conclusion, findings from Chapter 2 demonstrated that theoretical shortcomings are
still prevalent in the ICU teamwork literature, though notable exceptions exist (e.g., Reader et al.,
2009).
Findings from both systematic literature reviews revealed that the terms used to describe
teamwork dimensions can vary in research studies, offering little confidence the reported
findings are manifestations of constructs under investigation. Even more concerning is the
mislabeling of constructs as noted in the behavioral marker review. For instance, a marker
system that includes a rating dimension of ‘Teamwork and Cooperation’ inherently confuses the
inferences that can be drawn from that dimension of performance measurement: cooperation is
an aspect of teamwork, which encompasses other knowledge, skill, and attitude components (see
Chapter 1). There is also a dearth of adequate reliability and validity evidence across the marker
system literature as a whole and those marker systems with sufficient reliability and validity
evidence were developed for either a single team member or team task. Further, because
contextual and task related factors are likely to dictate which teamwork competencies are most
important, existing teamwork assessment strategies are not guaranteed to generalize across
domains of work or research (Healey et al., 2004). These findings suggest an existing marker
system cannot be readily adapted for the ICU.
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Mapping Teamwork Theory with Context-Specific Exemplars
When conceptualizing a behavioral marker system for ICU team performance, good
practice dictates the importance of sound theoretical underpinnings to guide measurement (Baker
& Salas, 1992). At the same time, context-specific direction is needed to provide valid accounts
for how indicators of teamwork competencies uniquely manifest in this performance context.
Therefore, this chapter describes how teamwork theory was mapped with context-specific
exemplars to identify a framework of the focal factors that drive ICU team performance. This
intersection of top-down (i.e., theoretical) and bottom-up (i.e., context-driven) guidance serves as
an indicator of the validity of the behavioral marker system’s content while simultaneously
ensuring operationalizations of teamwork dimensions (i.e., specific behavioral markers) are
formally linked to teamwork theory. Table 7 provides an overview of the marker system’s
development.

Table 7. Overview of ICU behavioral marker development.
Purpose

Key Points
 This chapter describes how teamwork theory was mapped with context-specific exemplars
to identify a framework of the focal factors that drive ICU team performance.

Methods

 Critical incident interviews with ICU clinicians (11 nurses and 9 physicians) were
conducted to identify conditions where teamwork was particularly effective (or not) and
the underlying factors driving performance (or poor performance).

Results

 ICU teams, like all teams, cycle through transition and action phases of teamwork. During
each of these phases, some teamwork competencies are more salient than others.
 Four core dimensions were identified that provide the theoretical foundation for the ICU
marker system: communication (global), leadership (global), backup and supportive
behavior (action), and team decision-making (transition),
 Behavioral markers extracted from critical incident interviews were mapped to these
teamwork dimensions to determine fit.

55

Critical Incident Interviews
Data for this component of the study were collected by the author as a Senior Research
Program Coordinator II for the Johns Hopkins University (JHU), School of Medicine as part of a
much larger research initiative (a subset of interviews were conducted by the author and a human
factors psychologist). The Institutional Review Board (IRB) at JHU granted approval for these
interviews. The findings presented in this section report relevant data captured from the critical
incident interviews only as they relate to the current study.
Twenty clinical team members from two ICUs (11 nurses and 9 physicians) were
recruited to participate. Participants were informed of the purpose of the study, possible risks
associated with data collection, and asked to orally consent to participate before and after each
interview. The interviews lasted approximately 30 minutes and participants were asked a series
of open-ended questions about the competencies they felt drive team performance and conditions
when teamwork matters most (see Appendix C for protocol). Additionally, participants were
asked to walk through specific events in which breakdowns in team processes occurred,
scenarios where team performance was particularly effective, and the circumstances surrounding
those events using the critical incident technique (Flanagan, 1954). Interview findings were
transcribed by the author. Although interviews were not documented verbatim, an exhaustive
account from each interview was captured for content analysis.

Team Tasks
A summary of the major types of ICU team tasks described by participants is presented in
Table 8. The science of teamwork explicates that teams cycle between action and transition
phases of team task accomplishment (LePine et al., 2008; Marks et al., 2001) and ICU teams are
no different (see Figure 4). In the ICU, transition cycles involve conveying care priorities,
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developing goals, and formulating strategies for achieving those goals. Transition cycles occur
during planned clinical activities such as rounds and handoffs as well as emergently throughout
the day depending on changes in patient conditions, or updates to previously specified plans
(e.g., scheduling tests and procedures, acquiring resources for transfer or admission). Action
cycles refer to those activities directly involved in providing health services to the patient, such
as administering medications, conducting procedures, or responding to a code event. Figure 5
illustrates a representative sample of team tasks listed in Table 8 in relation to action and
transition cycles of team performance.
As described by Marks et al. (2001), team processes may be more salient depending on
the cycle of team task accomplishment. For instance strategy formulation and planning is
particularly relevant during transition cycles while team monitoring and backup are central to
action phases. Last, interpersonal processes such as conflict management, motivation and
confidence building, and affect management transcend action and transition phases.
Absent from the classification of teamwork processes outlined by Marks and colleagues
(2001) are additional competencies that are globally relevant across action and transition phases
(i.e., other than interpersonal processes). For example, communication and leadership were
highly cited in the systematic literature review of teamwork in the ICU (Chapter 2) as well as the
critical incident interviews; they represent important components of teamwork for assessment
regardless of the cycle of team task accomplishment. In reality, ICU team performance is
contingent on competencies that are either specific or generic in relation to tasks that are
performed. As described by Cannon-Bowers et al. (1995) generic competencies are important
independent of the task that is performed (e.g., backup behavior). Conversely, task specific
competencies are only germane to a particular team task (e.g., cue strategy associations).
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Table 8. An overview of ICU team tasks identified in critical incident interviews.
Task
General
Report
(Nursing)

Description
 Oncoming nursing team members review the patients currently on the unit, discussing the reason
for their admission and their acuity level and receive patient assignments during this time
(typically 1-2 patients per nurse).

Handoff
(Shift
Report)

 Nursing team members receive a report from the outgoing nurse on the patient(s) they were
assigned. This report includes a systematic head-to-toe assessment of the patient by organ system.
Additionally, they should cover why the patient was admitted to the ICU, major clinical activities
that have taken place, what the plans are, and what the patient’s hopes are.
 Physician handoffs cover a larger subset of the patients and may be a formal or informal team
activity depending on the unit. Physician team members solicit information from other clinical
team members (e.g., fellow-to-fellow, fellow-to-resident, resident-to-resident, fellow-to-nurse, and
resident-to-nurse) and through patient databases (e.g., electronic medical record, charts) about key
events that have taken place, medication titrations, planned activities, and trends in patient vitals.

Rounds

 Goals of care and methods of task accomplishment for each patient are established.
 Rounds typically last 15 to 30 minutes per patient, and involve:
o A report from nurses on new or acute issues; an objective case presentation from residents,
followed by a subjective interpretation, their recommendation, and plan; and a team
discussion of the merits of the proposed plan and possible alternate treatment
options/contingencies.
 Rounds are managed by either the attending or fellow (depending on the attending’s leadership
preference). The attending or fellow that is facilitating rounds specifies who is responsible for
documenting meds and putting in orders.
 The attending and/or fellow also integrate teaching opportunities into the discussion of care plans
and fills in any gaps omitted from the case presentation.

Running
the List

 Physician team members deliberately review and discuss the planned course of patient care for
each patient following rounds.
 The fellow confirms that the physician team has a shared understanding of care plans and
priorities and delegates tasks for the resident to complete.

Admissions

 Clinical team members prepare for and manage new arrivals to the unit. Physician team members
take report (i.e., the handoff) and begin writing orders. Nursing team members help get the patient
situated, which involves activities such as documentation, getting the patient hooked-up to
monitors, and doing a full assessment (e.g., lungs, mental status).

Routine
Care/
Procedures

 Team members execute the plans that were developed during morning rounds (e.g., lab work, line
placement, scheduling tests and temporary unit transfers, sedation interruptions).
 Team members also conduct routine care activities. For instance:
o Patients need to be repositioned every 2 hours if they are unable to do so themselves.
o Oral care should be administered every 4 hours for patients that are vented.
o Team members need to conduct routine assessments of patient vitals.
o Physician team members place orders emergently throughout the day.

Code/
Emergency
Event

 Team members rapidly respond to a patient that is coding. A single physician takes charge of
leading the code (typically the fellow or attending) and delegates roles/responsibilities for other
team members to complete.

Discharge

 Patients that are stable enough to be transferred to the floor (or from the hospital) are discharged
from the unit.
 Intra-unit activities related to discharge include discussions among the attending, fellow, and
charge nurse to verify which patients are expected to be discharged from the unit.
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External event:
Changes in daily census.
Internal event:
Shift begins.

Transition Cycles
Team members facilitate,
plan, and prioritize care
activities across personnel
and other hospital units.

External event:
Changes in patient
condition.

Action Cycles
Team members provide
health services to the
patient (i.e., direct patient
care).

Internal event:
Shift ends.
Figure 4. Cycles of ICU team task accomplishment.
(c.f. Marks et al., 2001).

Action
Cycles

Transition
Cycles

Code
Mobility
Clinical Activity (e.g., line placement)
Admission/Discharge
Temporary Unit Transfer
Rounds
Handoffs
Figure 5. Team tasks in relation to cycles of team task accomplishment.
(c.f. Marks et al., 2001, p. 364).
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Team Competencies
A key challenge to selecting competencies to target for measurement involves the
delicate balance between the specificity of measurement content and factors related to
accessibility and generalizability. The panoply of possible constructs to target for measurement
is apparent from the review on ICU teamwork in Chapter 2. It is unrealistic, however, to ask an
observer to rate performance on such an array of competencies in a single assessment period; the
theoretical framework guiding measurement should be parsimonious yet impactful. Therefore,
team competencies targeted for measurement should focus on the most critical aspects of
teamwork in relation to the performance environment. It is also worth noting that existing ICU
team performance classification structures did not lend well to instrument development for the
current study. Specifically, the framework presented by Reader and colleagues (2009) identified
four facets of teamwork germane to ICUs: Team Communication, Team Leadership, Team
Coordination, and Team Decision-Making. The definitions of these terms, however, proved too
broad for classifying behavioral markers extracted from interview findings (see section below) in
relation to these competencies. Therefore, the definitions of teamwork constructs identified for
the ICU behavioral marker system must be explicit enough to ensure behavioral indicators are
classified correctly during measurement. That is, markers should ‘load’ on a single competency
as described in the NOTSS validation effort reported in Chapter 3 (Crossley et al., 2011).
Based on findings from the ICU team-based literature review (Chapter 2), science of
teams, and insights from the critical incident interviews, four thematic content areas that capture
core teamwork competencies of ICU teams have emerged (see Table 9). As illustrated in Figure
6, Communication and Leadership are globally relevant to ICU team performance (i.e., these
competencies are relevant across action and transition cycles of team task accomplishment).
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Conversely, Backup and Supporting Behaviors are more likely to occur during action phases of
teamwork, where team members must reallocate work in relation to shifting priorities or seek out
help in order to complete a task. Given the emphasis on developing plans and strategies to
accomplish care goals in the ICU, Team Decision-Making was also identified as a focal
component of teamwork. In fact, the physician team can spend as much as three to four hours of
their day in daily rounds (a key decision-making task). Following rounds, the rest of the day is
focused on implementing those care plans (e.g., tasks classified as action phases) and updating
other team members on the progress of care goals to ensure patient care objectives are realized.
This framework is consistent with existing conceptualizations of teamwork in the ICU (Reader et
al., 2009) and medical teamwork in general (e.g., TeamSTEPPS; American Institutes for
Research, 2010), yet differs due to its explicit definitions of teamwork constructs and emphasis
on teamwork skills that are especially relevant to ICU teams.
The subsequent section will detail how critical incident interviews were conducted to
elicit positive and negative examples of teamwork. Analyzing the content of these interviews in
relation to the competencies described above will ensure the appropriate fusion of contextspecific behaviors with teamwork theory. Figure 7 illustrates a framework of marker system
development to this end. Specifically, this example shows how behavioral indicators for
Communication could be derived for daily rounds (a transition cycle of teamwork). Of interest in
this example is emphasis on patient-centered care (Carayon & Friesdorf, 2006). To illustrate, the
use of terminology among clinicians when specifying care plans will be different amongst
themselves as opposed to a laymen’s characterization of care plans to ensure patient and/or
family member understanding. Thus, behavioral markers of communication are likely to be
different for clinician-to-clinician interactions as opposed to clinician-to-patient interactions.
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Table 9. A framework of ICU team performance.
Dimension
Communication

Definition
Communication refers to the style and structure of how
information is conveyed between team members.
Communication entails exchanging messages using standardized
protocols with appropriate terminology in a manner that is clear,
accurate, and succinct. A key feature of communication
exchanges is that they are closed-loop; the sender conveys
information, the receiver confirms the receipt of information,
and the sender clarifies any misunderstandings.

Citation
(Cannon-Bowers et al.,
1995; Reader et al., 2009;
Salas, Rosen, Curke,
Nicholson, & Howse,
2007; Smith-Jentsch,
Zeisig, Acton, &
McPherson, 1998)

Leadership

Team leadership refers to the management of team
resources/personnel, establishment of team norms, and
provision of opportunities to foster the development of
knowledge and skills. Team leaders ensure there is clarity of
team member roles/responsibilities and that input from all team
members is welcomed.

(Reader, Flin, &
Cuthbertson, 2011; Salas,
Sims, & Burke, 2005;
Zaccaro, Rittman, &
Marks, 2002)

Back-up and
Supportive
Behavior

Back-up and supportive behavior refers to proactively seeking
and providing task-related assistance, including the
identification, remediation, and feedback on errors and near
misses.

(Salas et al., 2005;
Wilson, Salas, Priest, &
Andrews, 2007)

Team DecisionMaking

Team decision-making refers to the team’s ability to determine
goals, develop plans and strategies for task accomplishment,
identifying contingencies, and updating/revising goals.

(Marks et al., 2001;
Cannon-Bowers et al.,
1995; Reader et al., 2009)

Global Team Competencies
Communication
Leadership
Action Cycles
Backup and Supporting Behavior
Transition Cycles
Team Decision-Making

Figure 6. Relationship of ICU team performance dimensions in relation to action and transition
cycles of team task accomplishment to guide measurement.
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Figure 7. A framework for marker system development.
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Identifying Behavioral Markers
The previous section demonstrated the theoretical and practical basis for selecting
competencies to target for measurement. In addition to helping identify what should be targeted
for measurement, subject matter expert guidance is also needed to provide a valid account of
how these behaviors manifest. It is one thing to articulate a theoretical definition for a
competency and another to generate explicit, observable indicators of performance (i.e., how the
construct is operationalized). Therefore, another aspect of content analysis involved coding
specific behavioral examples of ICU teamwork. As described earlier, participants were asked to
recall positive and negative examples of teamwork using the critical incident technique. These
behavioral examples were initially coded in relation to personnel and task type resulting in 192
examples of team performance. To illustrate, consider the following behavioral example from
one interview:

So communication is very important. You should have a closed feedback
loop. So when the leader assigns something to let’s say the nurse, the
leader should be hearing the order back from the nurse (e.g., “ok, I am
going to grab the epinephrine”).
In this case, the participant was describing the importance of teamwork in relation to a
code event between the individual leading a code and a supporting team member. Subsequently,
behavioral examples were translated into markers that can be used to guide observation (i.e.,
action statements), as conveyed below:

Team member confirms they understand the directive and verbalizes
their intent to execute the directive.
This processes yielded 283 possible behavioral markers from the 192 examples of
teamwork that were extracted from the critical incident interviews. In order to increase the
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accessibility and generalizability of the marker system, the next step of data reduction involved
selecting behavioral markers that were task-generic (ostensible duplicates were also removed at
this stage). This step reduced the overall repository of behavioral markers from 283 to 134.
As described earlier, four core dimensions of ICU teamwork were identified from
interview findings, the ICU team-based literature, and science of teams. The pool of 134 possible
behavioral markers were coded by the author and a human factors psychologist to qualitatively
determine how well the markers ‘fit’ with the proposed dimensions of teamwork. Within each
dimension, clear sub-dimensions emerged. For example, behavioral markers relating to Backup
and Supporting Behavior ‘loaded’ onto three sub-dimensions: Offering Support, Seeking
Support, and Feedback. Once all the behavioral markers were clustered, behavioral markers with
similar content were combined and redrafted to reduce the overall pool of potential indicators.
To illustrate, the markers “Team members articulate care goals and methods of task execution”
and “Team members specify the course of planned clinical activities and methods for achieving
care goals for each patient” were revised to the single marker “Team members specify methods
for achieving care goals for each patient.” This step of data reduction resulted in 87 markers.
The remaining 87 markers were then dichotomized into examples of ‘good’ and ‘poor’
performance as an assessment aid (ANTS; NOTSS). Additional tool refinement during this phase
involved the author and a human factors psychologist generating negative examples of
performance when needed. To illustrate, “Team leader provides assistance and feedback to
residents when they execute unfamiliar tasks” is an example of a good teamwork behavior for
the sub-dimension Feedback. In this case, a new marker was generated to reflect a negative
indicator that raters can reference to guide measurement: “Sr. physician intervenes without
explaining rationale to Jr. physician.”
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Refining the Marker System
Cognitive interviews were conducted with experienced ICU clinicians (two nurses and
one attending). This approach, as described by the American Institutes for Research (2010)
during the initial validation of the TeamSTEPPS-Teamwork Perceptions Questionnaire, helped
identify items needing revision due to ambiguity or possible misinterpretations. Additionally, the
author and a human factors psychologist practiced using the marker system during six handoffs
and eight rounds. While this served as an initial rater calibration exercise (Chapter 5), marker
system content was also refined during these observations. In total, efforts refining marker
system content resulted in 75 behavioral markers indicative of good and poor teamwork.
A taxonomy of ICU teamwork developed throughout this process of marker identification
and refinement is conveyed in Table 10. The ICU behavioral marker system developed for this
study is presented in Appendix D. The structure of the marker system was informed by best
practices from the healthcare literature (Chapter 3). The marker system incorporates descriptive
information about the team task that might be of interest to researchers (type of task, duration,
team size, team size variability, and team diversity). Ratings are made at the subdimension and
dimension levels using a five-point behaviorally anchored scale. The endpoints and midpoint of
the scale include behavioral anchors, while the intermediary points allow for subjective
interpretation between each anchor. Raters can write notes during the course of the observation
at the dimension and subdimension levels to guide measurement and facilitate feedback.

66

Table 10. Taxonomy of ICU teamwork.
Teamwork
Dimension

Sub-Dimension

Style
Communication

Content
Closed-Loop

Delegation
Leadership
Norms

Backup and
Supportive
Behavior

Offering Backup/
Support
Seeking
Backup/Support
Feedback
Planning and
Establishing Goals

Team DecisionMaking

Contingency
Planning

Updating and
Revising

Example Behavioral Markers
 Uses lay terms when discussing care plan with patients and/or
family members.
 Multiple speakers presenting information simultaneously (negative).
 Volume is too low and pace is fast (negative).
 Appropriate communication protocols/tools are used/followed.
 Big picture summaries are provided
 Directive confirmed and intent to execute verbalized.
 Receipt of communication acknowledged for both face-to-face and
electronic communication.
 Roles and responsibilities delegated clearly
 Expectations of task-work assignments are not established
(negative).
 Team leader acknowledges good work and provides positive
reinforcement.
 New team members introduce themselves to the clinical team.
 Reallocates work when a more critical task is presented.
 Offers help throughout the shift.
 Immediately requests assistance during acute situation.
 Recognizes when overloaded and engages appropriate resources
 Identifies errors/near misses and assists with remediation.
 Sr. clinician intervenes without explaining rationale (negative).
 Team members deliberately discuss, propose, and prioritize the
planned course of patient care for each patient.
 Anticipated outcomes of treatment activities are not identified
(negative).
 Identifies conditions or events that may alter treatment plans,
including barriers and challenges that may impede progress.
 Specifies alternative courses of action for treatment plans.
 Identify any challenges encountered while executing care plans and
emerging issues.
 Relevant team members (including P/F) are informed of updates to
care goals and pans, changing patient conditions, and following
consults with inter-unit staff.
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CHAPTER 5: METHODOLOGY
A multifaceted research approach must be utilized to provide a thorough evaluation of
reliability and validity. Table 11 provides an overview of the methodological approach. This
study provides an initial assessment of reliability and validity by focusing on a subset of
teamwork competencies relevant to transition cycles of team task accomplishment.

Table 11. Overview of methodological approach.
Type of Reliability/Validity

Sources of Evidence

Content Validity

 ICU teamwork review
 Critical incident interviews

Interrater Reliability

 Intraclass correlations (ICC)
 Percent overall agreement

Generalizability Theory
(Reliability)

 Provides reliability evidence by modelling systematic variance associated
with rater, task, and random error effects.

Generalizability Theory
(Validity)

 Provides validity evidence by modelling systematic variance associated
with subdimension effects.

Observation Procedure
Data for this study were collected at a surgical ICU at Johns Hopkins Hospital. Two
raters involved in the development of the behavioral marker system (the author and a human
factors psychologist) rated the performance of teams as they completed handoffs (n=25) and
rounds (n=25). Each rater scored six subdimensions for the present study: Communication Style,
Communication Content, Closed-loop Communication, Planning and Establishing Goals,
Contingency Planning, and Updating and Revising Goals.
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Rater Training
Each rater was involved in the development of the marker system and had an
understanding of the competencies targeted for measurement and associated markers of
performance. Raters practiced using the system prior to conducting observations. Six handoffs
and eight rounds were observed to this end. The practice observations only focused on scoring
behaviors; characteristics of team size, size variability, and duration of each instance of
teamwork were not documented. Following each instance of teamwork during practice
observations, scores and discrepancies were methodically discussed for each competency that
was rated. During these discussions, one rater would indicate how they scored a specific
behavior and provide examples from the instance of teamwork to justify their rating. This was
followed by the other rater explaining the score they gave to the same behavior and the rationale
for that rating. At the completion of these practice observations, the raters understood why
discrepancies took place and felt comfortable in how behaviors should be rated moving forward.
Additionally, minor changes to the wording of markers were made to help prevent uncertainty.

Reliability and Validity Analyses
Content Validity
Findings from the systematic literature of ICU teamwork (Chapter 2) provided a first step
towards identifying relevant behaviors. Critical incident interviews with subject matter experts
(Chapter 4) formed the basis of what constructs to target in measurement and under what
conditions they should be relevant (i.e., action or transition cycles of teamwork). For instance,
Team Decision-Making will be more salient during transition cycles of team task
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accomplishment while Backup and Supporting Behavior will be more relevant during action
phases of teamwork.

Interrater Reliability and Agreement
Interrater reliability signifies the extent to which scores made between two or more raters
are proportional while interrater agreement specifies the degree to which scores made between
two or more raters are exactly the same (Tinsley & Weiss, 1975). Intra correlations (ICC) were
analyzed using SPSS v.21 to index interrater reliability. A two-way, random effects model with
absolute agreement was employed and both single and average measures are reported. The twoway random effects model is appropriate for generalizing to other raters randomly sampled from
the population (Shrout & Fleiss, 1979). Absolute agreement was calculated as the percentage of
exact matches in scores made between raters on the same target of measurement (i.e., one
subdimension of teamwork). The percentages of scores within one point of each other are also
reported.

Generalizability Theory: Reliability and Validity
Generalizability (G) theory was applied to further examine the reliability of the marker
system and provide evidence of construct validity. This section begins by providing background
on the approach and defining key terms then turns to a discussion of how G theory was
employed for the present study.

Background
G theory was introduced by Lee Chronbach and colleagues in the volume The
Dependability of Behavioral Measurement (Shavelson & Webb, 1991). It was developed as an
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extension of classical test theory (CTT) to allow researchers to examine the systematic effects of
multiple sources of measurement error simultaneously through an analysis of variance (Brennan,
2001; Crossley, Davies, Humphris, & Jolly, 2002; Kraiger & Teachout, 1990; Shavelson &
Webb, 1991).
Yet G theory is much more than an approach to model the error structure of a specific
process of data collection. By applying an analysis of variance, researchers can also leverage G
theory to provide construct related evidence (Kraiger and Teachout, 1990; Arthur, Woehr, &
Maldegen, 2000). To illustrate, Kraiger and Teachout (1990) analyzed proficiency ratings in a
four facet design that included different types of ratings forms, different rater sources
(incumbents, peers, and supervisors), and items within the rating forms. The authors predicted
variance associated with the individuals being rated would be the greatest to reflect individual
differences in performance. They also expected a small person X forms interaction. The forms
were developed to assess the same proficiency constructs, so a small variance component would
suggest convergence over rating forms. Conversely, a larger persons X items within forms
interaction would demonstrate that within a particular form, ratees are differentially ranked
across items.

Key Terms
G theory defines sources of systematic variance as facets and levels of that facet as
conditions (Kraiger & Teachout, 1990). For example, rater background may be a facet of
generalization while behavioral scientist and clinician constitute conditions of that facet. Another
facet may be the dimensions of the rating tool employed for a particular study. The variance
associated with each facet is estimated through an analysis of variance to concurrently partition
sources of systematic variance (Mathieu & Day, 1997).
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As described by Cardinet et al. (2010), facets can be crossed or nested. A facet is crossed
“when every level of one of the facets is combined with every level of the other in a data set”
(p.13). For example, if every rater observers every team performing every task, the facets are
crossed (see Table 12). Conversely, facets are nested when “each level of one [facet] is
associated with one and only one level of the other” (p.13). For example, If Rater A only
assessed teams when they completed Task 1 and Task 2 while Rater B only assessed teams when
they completed Task 3 and Task 4, then Tasks would be nested within Raters. Because every
team is still completing every task, however, teams are crossed with tasks and raters (see Table
13).

Table 12. Hypothetical research design for the crossing of Teams X Raters X Tasks.
Raters
Task
1

Tasks

Rater A
Task Task
2
3

Task
4

Task
1

Rater B
Task Task
2
3

Task
4

Team 1
Team 2
…
Team k

Table 13. Hypothetical research design for the nesting of Tasks within Raters.
Raters
Tasks
Team 1
Team 2
…
Team k

Rater A
Task 1

Rater B
Task 2

Task 3

Task 4

Facets are also treated as fixed or random. While fixed facets assume all possible
conditions for a facet were selected for a study, random facets assume conditions were randomly
selected from a population under investigation (Cardinet et al., 2010). For instance,
72

subdimensions of the ICU marker system are considered to be random because they represent a
sample of all the possible items that can be used to assess teamwork.

Application to Present Study
By specifying potential sources of systematic variance and the magnitude of that
variance, G studies provide a powerful resource for providing evidence of reliability and validity.
Four sources of systematic variance were analyzed for the present study: instances of teamwork
(I), rater effects (R), subdimension effects of the marker system (S), and task effects (T). An
overview of the study design is presented in Table 14.
It is first worth noting that instances of teamwork are nested within the task facet, with
teams being operationally linked to the tasks they perform. Consider a team task such as daily
rounds. For each patient, there will be an attending, fellow, resident, nurse, medical student, and
other ancillary staff participating in the round. While attendings and fellows are typically
assigned to manage all of the patients on a given unit, residents are assigned a subset of patients
(one-half or one-third of the unit) and nurses are assigned an even smaller subset (typically one
to two). Ancillary staff such as pharmacists, nutritionists, and physical therapists may be
involved for a particular patient or every patient. This means that each round constitutes a
different instance of teamwork. Similarly, a code event will involve a unique subset of team
members. Typically, the fellow (and/or attending) as well as the bedside nurse for that patient
will be present to respond to the code. While other unit personnel will also respond to the code
(i.e., supporting behavior), the compositional makeup for a code team will vary from code event
to code event. Thus, instances of teamwork are nested within the tasks—one team can only be
observed for one task.
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All instances of teamwork were observed by two raters for two tasks: rounds and
handoffs. Although these tasks were not randomly sampled, there is precedent for convenience
sampling from a larger population of a facet and treating that facet as random (Shavelson et al.,
1990). Each rater assessed teamwork along six subdimensions of the marker system:
Communication Style, Communication Content, Closed-loop Communication, Planning and
Establishing Goals, Contingency Planning, and Updating and Revising Goals. These
subdimensions were selected because each occurs during both rounds and handoffs, affording a
crossed design. This facet is also treated as random for the present study.

Table 14. Overview of study design.
Task

Handoffs

Raters
Sub
dimension
Instance
H1
Instance
H2
Instance
H3
Instance
H4
Instance
H…25

Rater 1

Task
Rater 2

S C L G P U S C L G P U
S C L G P U S C L G P U
S C L G P U S C L G P U
S C L G P U S C L G P U
S C L G P U S C L G P U

Raters
Sub
dimension
Instance
R1
Instance
R2
Instance
R3
Instance
R4
Instance
R…25

Rounds
Rater 1

Rater 2

S C G L P U S C L G P U
S C G L P U S C L G P U
S C G L P U S C L G P U
S C G L P U S C L G P U
S C G L P U S C L G P U

S = Communication Style
C = Communication Content
L = Closed-loop Communication
G = Planning and Establishing Goals
P = Contingency Planning
U = Updating and Revising

Figure 8 illustrates the variance components for the (I:T) X R X S design. Ideally, the
study design would be fully crossed, meaning that every team was observed by every rater on
every task and scored on every dimension of teamwork. A fully crossed design would afford the
examination of all main effects and interaction effects of variance components identified in the
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study. Due to the nested design, however, not all variance components can be estimated due to
confounding (Shavelson & Webb, 1991). In the current study, the instance main effect would be
confounded by the instance X task interaction. This means that instance X task interaction cannot
be estimated at all. Additionally, it is difficult to parse how the systematic variance changes
depending on whether the data for rounds and handoffs are combined compared to when they are
looked at separately. Therefore, the two additional G studies were conducted to account for
findings that may be methodologically misleading due to nesting. The amalgamation of these
studies will provide a sufficient opportunity explore evidence of the marker system’s reliability
and validity. G Study 1 accounted for the complexity of the nested design as depicted in Table
15. G studies 2 and 3 relied on the same measurement design, except the data from only handoffs
(study 2) and rounds (study 3) were analyzed. The juxtaposition of variance components across
tasks will afford a qualitative comparison of variance estimation (see Table 16).
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TR

T

R
I:T
(I:T)R
(I:T)
RS

TRS

(I:T)
S

RS

TS

S

Figure 8. Variance components for ICU G study.
Note: T = Tasks; S = Subdimension; R = Raters; I:T = Instances of teamwork nested within tasks

Table 15. Sources of variability for ICU G study.
Source of
Variation
T

Description
(see: Arthur, Woehr, & Maldegen, 2000; Crossley et al., 2002; Crossley et al., 2007; Kraiger &
Teachout, 1990)
 Systematic variances across instances, subdimensions, and raters.

I:T

 Systematic variance in instances of teamwork nested within tasks across subdimensions and
raters.

S

 Systematic variance in subdimensions across instances and tasks.

R

 Systematic variance in ratings across subdimensions, instances of teamwork, and tasks.

RS

 Variance due to raters consistently scoring a particular teamwork subdimension differently.

TR

 Variance due to raters consistently scoring a particular task differently.

I:T R

 Variance due to raters consistently scoring teams within a particular task differently.

I:T S

 Variance due to teams within tasks preforming differently on subdimensions of teamwork.

I:T R S

 Residual error. Note: the T X R X S interaction is not distinguishable from the residual error
term (Crossley et al., 2007).
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Table 16. Example of variance components juxtaposed across tasks for G studies 2 and 3.
Source of Variation

Var(Handoffs)

Var(Rounds)

I
R
S
IR
RS
IS
IRS

G Study Variance Analyses and Predictions
Data for the G studies were analyzed using EduG v.6.1, a software package developed
specifically for G studies (Cardinet et al., 2010). Briefly, EduG enumerates sources of variance
from a data set and calculates a G coefficient using a predetermined measurement design. The
measurement design distinguishes differentiation facets (i.e., sources of desired variation) from
instrumentation facets (i.e., sources of unwanted variance). G coefficients, like ICCs, represent
the proportion of true score variance to observed score variance (Cardinet, Tourneur, & Allal,
1976).
The goal of the present study is to demonstrate that the marker system differentiates
subdimensions for the tasks that were observed regardless of raters or instance of teamwork (i.e.,
generalizing variance in subdimensions to other instances of teamwork and raters). Thus, a large
G coefficient serve as an indicator of construct validity because the marker system adequately
discriminates among teamwork competencies.
Because G theory does not lend to hypothesis testing, no formal hypotheses can be made
(Kraiger & Teachout, 1990). That said, a certain pattern of results is expected (Table 17). The
variance associated with the Subdimension X Instance interaction should be the greatest,
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followed by the main effects for the subdimensions and instances. Variance associated with rater
effects and the task main effect should be the smallest.
The subdimension X instance interaction should be the greatest source of variance
because a large main effect for instances of teamwork would only provide evidence of systematic
differences in the average ratings of teams (across raters and subdimensions). For example, if a
particular team received a rating of ‘1’ across all subdimensions, another team received ratings
of ‘3’ across all subdimensions, and yet another team received a rating of ‘5’ across all
subdimensions, the study would highlight differences in overall teamwork, but no variability in
how subdimensions are scored. This would suggest that attributes and not differentially scored
by raters. The same is true for the subdimension main effect: if a particular team received a
rating of ‘1’ for one subdimension, ‘2’ for another subdimension, ‘3’ for another subdimension,
and so on for every instance that was observed, the study would highlight overall differences in
how subdimensions are scored, but show no variability in how subdimensions are scored for a
particular team.

Table 17. G study variance predictions.
Relative Variance Among G Study Variables
1. The I:T X S interaction in G Study 1 is expected to account for the most variance, indicating that teams within
tasks differed on one subdimension of teamwork relative to another.
2. The R main effect, I:T X R interaction, S X R interactions in G Study 1 are expected to be small, indicating that
raters consistently scored teams, subdimensions, and tasks.
3. The variance associated with the I:T main effect and the S main effect will be larger than variance associated with
the R term, but not as large as variance associated with the I:T X S term.
4. For each team task in G studies 2 and 3, the I X S interaction 1 is expected to account for the most variance,
indicating that teams differed on one subdimension of teamwork relative to another.
5. For each team task in G studies 2 and 3, The R main effect, I X R interaction, S X R interactions are expected to
be small, indicating that raters consistently scored teams and subdimensions.
6. For each team task in G studies 2 and 3, The variance associated with the I main effect and the S main effect will
be larger than variance associated with the R term, but not as large as variance associated with the I X S term.

78

G Study Sample Size Justification
The present study observed 25 teams for each task (n=50). Although G theory utilizes an
analysis of variance, it is not a hypothesis testing model (Crossley et al., 2007). Therefore,
sample size cannot be determined by estimating the number of participants needed to observe a
small, medium, or large effect. In fact, there is no convention for determining an appropriate
sample size for a G study. For this reason, observing 25 teams per task is methodologically
defensible based on previous research efforts (Table 18).

Table 18. Summary of G studies and associated sample sizes.
Note: ‘n’ refers to the sample size of the object of measurement, not the levels of a facet of the
reported studies.
Study

Description

(Crossley et al., 2011)

 n=85
 Five facets examined
 Study duration: two years

(Weller et al., 2011)

 n=40 (teams)
 Three facets examined

(Kraiger & Teachout,
1990)

 n=256
 Four facets examined

(Shavelson et al., 1990)

 n=150
 Seven facets examined

(Mathieu & Day, 1997)

 Study 1
o n=16
o Three facets examined
 Study 2
o n=12
o Four facets examined

Ethics Approval
Data for the interrater reliability assessment and G studies were collected by the author as
a Senior Research Program Coordinator II for the Johns Hopkins University, School of
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Medicine. Approval for conducting this study was granted by the Institutional Review Boards at
Johns Hopkins and the University of Central Florida (see Appendix E and F).
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CHAPTER 6: RESULTS
Descriptive information about each team task is presented in Table 19. On average,
rounds and handoffs lasted a similar duration. Surprisingly, a large percentage of instances of
teamwork observed for handoffs were multidisciplinary. Team size was more stable for handoffs
(56%) than rounds (36%), but the variability on both tasks was not expected.

Table 19. Characteristics of team tasks.
Handoffs

Rounds

2.84

10+

Max Team Size

5

N/A

Min Team Size

2

10+

Size Variability (Stable)

14 (56%)

9 (36%); 1 not documented

Composition (Multidisciplinary)

11 (44%)

25 (100%)

Average Length

13:47

13:38; 1 not documented

Max Length

25:35

29:36

Min Length

3:58

4:31

Average Team Size

Rounds and Handoffs
Table 20 provides means and standard deviations for each teamwork subdimension when
the data for handoffs and rounds are combined. Mean ratings for Communication Style were the
lowest among both raters and also had the largest standard deviation. Mean ratings for Updating
and Revising Goals were the largest among both raters, with the smallest standard deviation.
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Table 20. Mean ratings of teamwork for handoffs and rounds.
Aspect of Teamwork

Rater 1

Rater 2

Overall (n=50)
Communication Style

4.21 (.90)
3.58 (1.09)

4.32 (.86)
3.68 (.98)

Communication Content

4.36 (.66)

4.52 (.70)

Closed-Loop Communication

4.3 (.74)

4.4 (.70)

Planning/ Establishing Goals

4.24 (.91)

4.46 (.79)

Contingency Planning

4.12 (.94)

4.18 (.96)

Updating/ Revising Goals

4.7 (.65)

4.68 (.65)

Table 21 presents intraclass correlations (ICCs) for each subdimension across rounds and
handoffs. Both single measures and average measures are reported along with 95% confidence
intervals. For single measures, all reliability calculations were consider good with the exception
of Contingency Planning, which was fair. If average measures are considered, all reliability
calculations are considered excellent, with the exception of Contingency Planning, which is
considered good.

Table 21. ICCs for rounds and handoffs.

Aspect of Teamwork

Single
Measures*

95%
Confidence
Interval

Average
Measures*

95%
Confidence
Interval

Percent
Agreement

Within
1

.68c**

.95

.61 to .73

.81d

.76 to .85

.65

Communication Style

.69

c

.52 to .81

.82

d

.68 to .90

.52

.94

Communication Content
Closed-Loop
Communication
Planning/ Establishing
Goals
Contingency Planning

.62c

.42 to .77

.77d

.59 to .87

.64

1.00

.63c

.43 to .77

.76d

.61 to .87

.68

.98

.61c

.40 to .76

.76d

.58 to .86

.66

.92

.52

b

.28 to .70

.69

c

.44 to .82

.64

.84

Updating/ Revising Goals

.74c

.58 to .84

.85d

.73 to .92

.78

1.00

Overall

*ICC model: 2-way random components, absolute agreement (see Shrout & Fleiss, 1979).
**Corresponding levels of practical, substantive, or clinical significance (see Cicchetti, 1994, p. 286)
a. Poor: <.40
b. Fair: .40 -.59
c. Good: .60 -.74
d. Excellent: ≥ .75
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The analysis of variance attributions for each of the four main effects and associated
interactions are presented in Table 22 (G Study 1). The pattern of results supports the expectation
that the marker system differentiates among subdimensions. To illustrate, both the subdimension
main effect (S) and the subdimension X instance interaction (IS:T) accounted for 43.5% of the
total variance. Whereas the subdimension main effect evidences the marker system differentiates
subdimensions scores (averaged over instances for each team task and raters), the subdimension
X instance interaction demonstrates that for each instance of teamwork, subdimensions were
differentially scored. Additionally, the instance main effect (I:T) accounted for 19.8% of the
variance. This indicates that scores of teamwork (averaged over subdimensions and raters) were
systematically different as well.
In contrast, the main effects associated with rater (R) and task (T) effects were very low,
accounting for 7.5% of the total variance. This means there were minimal systematic differences
in how raters scored subdimensions or tasks. The task X subdimension (TS) interaction indicates
that average ratings of subdimensions were generally stable across each task (5% of estimated
variance). Yet because teams are nested within each task, it is difficult to understand the true
effect of the task effect. The remaining terms (IRS:T and TRS) constitute residual error variance
(29.2%). Last, it is worth noting the small negative variance associated with some of the
variables. In reality, variance cannot be negative, but a small negative variance is not uncommon
when applying G theory (e.g., Shavelson et al. 1990, Cardinet et al., 2010). A small value, as is
the case in the present analysis, is treated as null. A large negative variance (i.e., relative to other
estimated variance components) would suggest some sort of model misspecification (Shavelson
et al., 1990).
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Table 22. G study 1: Analysis of variance for rounds and handoffs.

Source

SS

df

MS

I:T
T
R
S
IR:T
IS:T
TR
TS
RS
IRS:T
TRS

133.00667
3.37500
1.60167
64.20833
15.60667
178.75333
0.04167
13.95500
0.84833
57.19333
1.20833

48
1
1
5
48
240
1
5
5
240
5

2.77097
3.37500
1.60167
12.84167
0.32514
0.74481
0.04167
2.79100
0.16967
0.23831
0.24167

Total

469.79833

599

Estimated
Variance
0.16161
-0.00385
0.00544
0.10123
0.01447
0.25325
-0.00191
0.04086
-0.00144
0.23831
0.00013

%

SE

19.8
0.0
0.7
12.4
1.8
31.1
0.0
5.0
0.0
29.2
0.0

0.04688
0.01062
0.00439
0.07026
0.01142
0.03555
0.00100
0.02998
0.00316
0.02166
0.00524

100%

Table 23 presents differentiation facets in relation to error variance and also presents G
coefficients. The sources of differentiation (i.e., desired variance) are listed in the second column
and error variance for relative and absolute measurement considerations is presented in the
remaining columns. The current measurement design helps answer the question: does the
behavioral marker system differentiate subdimensions for the two tasks that were observed
regardless of the instance of teamwork or who the rater is?
It is worth acknowledging the inclusion of the task term may seem inappropriate as a
source of differentiation. The rational for its inclusion is that the subdimension X task interaction
is not necessarily the product of measurement error. For example, such a finding might inform
leadership of systematic differences in how teams are performing on certain attributes depending
on what task they are executing. Conversely, error variance associated with particular instances
of teamwork or raters may cloud systematic variance associated with the subdimensions. In the
present case, however, there would be concern if the task main effect (T) contributed to a large
amount of the differentiation variance. Such a finding would indicate that task effects alone
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(independent of subdimensions) are accounting for desired variance. This did not occur in the
present study; task variance does not contribute to any differentiation variance.
Examining Table 23 below, the largest component of error variance is the instance X
subdemension interaction (IS:T), which accounts for 41.5% of all error variance for absolute
decisions. It is encouraging, however, that the differentiation variance is over five times larger
than the error variance for both relative and absolute decisions. Additionally, the G coefficients
for both relative (.87) and absolute (.85) decisions exceed standards for good reliability (.80)
(Cardinet et al., 2010).

Table 23. Error variance and G coefficients for handoffs and rounds.
Source

Differ-

Source

Relative

of

entiation

of

error

variance

variance

variance

variance

.....
(0.00000)
.....
0.10123
.....
.....
.....
0.04086
.....
.....
.....

I:T

0.00646
.....
.....
.....
0.00029
0.01013
(0.00000)
.....
(0.00000)
0.00477
0.00007

29.8

0.02172

T
S

TS

Sum of
variances
Standard
deviation
Coef_G relative
Coef_G absolute

0.14208
0.37694

R
IR:T
IS:T
TR
RS
IRS:T
TRS

%
relative

Absolute
error
variance

%
absolute
26.5

0.0
21.9
0.3

0.00646
.....
0.00272
.....
0.00029
0.01013
(0.00000)
.....
(0.00000)
0.00477
0.00007

100%

0.02444

100%

1.3
46.6
0.0

Relative SE: 0.14737

11.1
1.2
41.5
0.0
0.0
19.5
0.3

Absolute SE: 0.15632

0.87
0.85

Handoffs
Table 24 reports means and standard deviations for each teamwork subdimension for
handoffs that were observed. Mean ratings for Communication Style were the lowest among both
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raters and also had the largest standard deviation. Mean ratings for Updating and Revising Goals
were the largest among both raters, with the smallest standard deviation. Both of these findings
are consistent with the results reported for handoffs and rounds.

Table 24. Mean ratings of teamwork for handoffs.
Aspect of Teamwork

Rater 1

Rater 2

Overall (n=25)
Communication Style

4.13 (.95)
3.6 (1.19)

4.25 (.89)
3.72 (1.06)

Communication Content

4.32 (.63)

4.48 (.65)

Closed-Loop Communication

4.32 (.85)

4.56 (.71)

Planning/ Establishing Goals

3.92 (.95)

4.12 (.88)

Contingency Planning

3.84 (.90)

4.00 (1.00)

Updating/ Revising Goals

4.8 (.57)

4.64 (.64)

Table 25 presents ICCs for each subdimension for handoffs. Both single measures and
average measures are provided along with 95% confidence intervals. The pattern of results when
examining only handoffs differs from the results reported when both rounds and handoffs are
considered. Only three variables indicated good reliability when single measures are considered
(Communication Style, Closed-loop Communication, and Updating and Revising Goals). These
competencies also demonstrated excellent reliability when average measures are considered.
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Table 25. ICCs for handoffs.

Aspect of Teamwork

Single
Measures*

95%
Confidence
Interval

Average
Measures*

95%
Confidence
Interval

Percent
Agreement

Within
1

.64c**

.53 to 0.73

.78d

.7 to .84

.63

.92

Communication Style

.64

c

.33 to 0.82

.78

d

.49 to .90

.44

.88

Communication Content
Closed-Loop
Communication
Planning/ Establishing
Goals
Contingency Planning

.52b

.17 to 0.75

.68c

.30 to .86

.60

1

.69c

.40 to 0.85

.81d

.58 to .92

.72

.96

.55b

.22 to 0.77

.71c

.36 to .87

.60

.88

.09 to 0.72

.64

c

.17 to .84

.64

.80

Updating/ Revising Goals

.68c

.41 to .85

.81d

.58 to .92

.76

1

Overall

.47

b

*ICC model: 2-way random components, absolute agreement (see Shrout & Fleiss, 1979).
**Corresponding levels of practical, substantive, or clinical significance (see Cicchetti, 1994, p. 286)
a. Poor: <.40
b. Fair: .40 -.59
c. Good: .60 -.74
d. Excellent: ≥ .75

The analysis of variance attributions for each of the three main effects and associated
interactions are presented in Table 26 (G Study 2). The pattern of results is very similar to the
results reported for both handoffs and rounds, with variance associated with the subdimension
facet accounting for 44.5% of the total variance. Interestingly, there was a small amount of
variance associated with the instance X rater interaction (3.5%). This indicates there may have
been a small percentage of cases where the average scores of instances of teamwork (i.e., the
average of each subdimension over a single instance of teamwork) were systematically different
between raters. Like the results reported for handoffs and rounds, this G study includes a
relatively large term for unexplained error variance.
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Table 26. G study 2: Analysis of variance for handoffs.
Source

SS

df

MS

I
R
S
IR
IS
RS
IRS

75.12000
1.08000
38.50667
10.92000
93.16000
1.28000
32.72000

24
1
5
24
120
5
120

3.13000
1.08000
7.70133
0.45500
0.77633
0.25600
0.27267

Total

252.78667

299

Estimated
Variance
0.18094
0.00428
0.13883
0.03039
0.25183
-0.00067
0.27267

%

SE

20.6
0.5
15.8
3.5
28.7
0.0
31.0

0.07363
0.00601
0.08240
0.02182
0.05268
0.00565
0.03491

100%

The differentiation facet in relation to error variance is presented in Table 27 along with
G coefficients for handoffs. This measurement design helps inform whether the behavioral
marker system differentiates subdimensions regardless of the instance of teamwork that was
observed or who the rater was when only handoffs are considered. As demonstrated in Table 27,
the behavioral marker appears to adequately differentiate among constructs during handoffs. The
differentiation variance is five times larger than both the relative and absolute error variance. The
G coefficients for both relative (.90) and absolute (.84) decisions indicate the behavioral marker
system reliability distinguishes teamwork competencies.
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Table 27. Error variance and G coefficients for handoffs.
Source

Differ-

Source

Relative

of

entiation

of

error

variance

variance

variance

variance

.....
.....
0.13883
.....
.....
.....
.....

I
R

.....
.....
.....
.....
0.01007
(0.00000)
0.00545
0.01553

S

Sum of
variances
Standard
deviation
Coef_G relative
Coef_G absolute

0.13883
0.37260

IR
IS
RS
IRS

%
relative

Absolute
error
variance

%
absolute
28.4
8.4

64.9
0.0
35.1

0.00724
0.00214
.....
0.00061
0.01007
(0.00000)
0.00545

100%

0.02551

100%

Relative SE: 0.12461

2.4
39.5
0.0
21.4

Absolute SE: 0.15972

0.90
0.84

Rounds
Table 28 provides means and standard deviations for each teamwork subdimension for
rounds that were observed. Mean ratings for Communication Style were the lowest among both
raters and also had the largest standard deviation. Mean ratings for Updating and Revising Goals
were the largest among both raters, though the standard deviation for Closed-Loop
Communication was the smallest. These findings are similar to the results reported for handoffs
and rounds/handoffs.
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Table 28. Mean ratings of teamwork for rounds.
Aspect of Teamwork

Rater 1

Rater 2

Overall (n=25)
Communication Style

4.23 (.93)
3.56 (1.00)

4.40 (.88)
3.64 (.91)

Communication Content

4.4 (.71)

4.6(.77)

Closed-Loop Communication

4.28 (.61)

4.24 (.66)

Planning/ Establishing Goals

4.56 (.77)

4.8 (.5)

Contingency Planning

4.4 (.91)

4.36 (.91)

Updating/ Revising Goals

4.6 (.71)

4.72 (.69)

Table 29 presents ICCs for each subdimension for rounds, with single and average
measures differing on some competencies from those reported for handoffs. The reliability
calculations for Communication Style and Updating and Revising Goals were excellent,
Communication Content was good, and the rest of the subdimensions were fair when single
measures were considered. Additionally, the ICCs for Communication Content were greater for
rounds than they were for handoffs, while Closed-loop Communication was worse.
Communication Style, Communication Content, and Updating and Revising Goals demonstrated
excellent reliability when average measures are considered and Closed-loop Communication,
Planning and Establishing Goals, and Contingency Planning exhibited good reliability.
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Table 29. ICCs for rounds.

Aspect of Teamwork
Overall
Communication Style
Communication
Content
Closed-Loop
Communication
Planning/ Establishing
Goals
Contingency Planning
Updating/ Revising
Goals

Single
Measures*

95%
Confidence
Interval

Average
Measures*

95%
Confidence
Interval

Percent
Agreement

Within 1

.70c**

.62 to .77

.83d

.77 to .87

.67

.95

.56 to .90

.88

d

.72 to .95

.6

1

d

.62 to .93

.68

1

.78

d
c

.45 to .86

.83

.55b

.20 to .78

.71c

.34 to .87

.64

1

.55b

.21 to .77

.71c

.35 to .87

.72

.96

.18 to .76

c

0.30 to .87

.64

.88

d

.74 to .95

.8

1

.71

.53

b

.79

d

.70

.59 to .90

.89

*ICC model: 2-way random components, absolute agreement (see Shrout & Fleiss, 1979).
**Corresponding levels of practical, substantive, or clinical significance (see Cicchetti, 1994, p. 286)
a. Poor: <.40
b. Fair: .40 -.59
c. Good: .60 -.74
d. Excellent: ≥ .75

The analysis of variance attributions for the three main effects and associated interactions
are reported in Table 30 (G Study 3). A similar pattern of results is demonstrated as the
examination of handoffs and rounds/handoffs. Variance associated with the subdimension main
effect and subdimension X instance interaction account for 53.4% of the total variance. Variance
associated with the instances main effect accounts for 19% of the total variance. Only 0.4% of
the total variance is associated with rater effects. Last, a large proportion of the variance is
attributable to unexplained error variance (27.2%).
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Table 30. G study 3: Analysis of variance for rounds.
Source

SS

df

MS

I
R
S
IR
IS
RS
IRS

57.88667
0.56333
39.65667
4.68667
85.59333
0.77667
24.47333

24
1
5
24
120
5
120

2.41194
0.56333
7.93133
0.19528
0.71328
0.15533
0.20394

Total

213.63667

299

Estimated
Variance
0.14228
0.00278
0.14533
-0.00144
0.25467
-0.00194
0.20394

%

SE

19.0
0.4
19.4
0.0
34.0
0.0
27.2

0.05649
0.00314
0.08483
0.01002
0.04749
0.00348
0.02611

100%

Table 31 presents the amount of differentiation variance in relation to error variance for
rounds along with G coefficients. The pattern of results is similar to the results reported for
handoffs. The largest contributor to error variance is the instance X subdimension interaction,
which is slightly higher for rounds than handoffs. The differentiation variance is nearly 10 times
greater than relative error variance and nearly seven times greater than the absolute error
variance. The G coefficients for both relative (.91) and absolute (.87) decisions are also
favorable. These findings support the expectation that the behavioral marker system reliability
distinguishes teamwork competencies for rounds.

92

Table 31. Error variance and G coefficients for rounds.
Source

Differ-

Source

Relative

of

entiation

of

error

variance

variance

variance

variance

.....
.....
0.14533
.....
.....
.....
.....

I
R

.....
.....
.....
.....
0.01019
(0.00000)
0.00408
0.01427

S

Sum of
variances
Standard
deviation
Coef_G relative
Coef_G absolute

0.14533
0.38123

IR
IS
RS
IRS

%
relative
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error
variance

%
absolute
26.7
6.5

71.4
0.0
28.6

0.00569
0.00139
.....
(0.00000)
0.01019
(0.00000)
0.00408

100%

0.02135

100%

Relative SE: 0.11944

0.91
0.87

Absolute

0.0
47.7
0.0
19.1

Absolute SE: 0.14610

CHAPTER 7: DISCUSSION
The goal of this study was to develop and test the validity of a behavioral marker system
to assess ICU team performance. The first task involved identifying which teamwork
competencies were most relevant to ICU teams and when they were important to lay the
foundation for measurement. To this end, two systematic literature reviews and critical incident
interviews with ICU clinicians were conducted. This effort resulted in a behavioral marker
system that was both theoretically-based and context relevant.
Unquestionably, important aspects of teamwork are absent from the behavioral marker
system. The development process involved the delicate balance of ensuring the most relevant
aspects of ICU teamwork were incorporated in the tool while ensuring raters would not be
overloaded with content to attend to during observations. For instance, Reader and colleagues
(2011) provided an insightful account of team leadership behaviors in critical care. Guided by
prominent theory in team leadership (e.g., Burke et al., 2006; Hackman, 2002), the authors
identified 78 functional and developmental behaviors. While such a comprehensive inclusion and
conceptualization of information would be valuable for a marker system dedicated specifically to
ICU team leadership, it would not be practical to provide such a robust account of a single
competency for a general tool.
The next phase of this study was dedicated to testing the reliability and construct validity
of the marker system. Findings from the previous chapter provided initial evidence the
behavioral marker system reliably differentiates among six teamwork competencies:
Communication Style, Communication Content, Closed-loop Communication, Planning and
Establishing Goals, Contingency Planning, and Updating and Revising Goals. The
communication attributes represent a global teamwork competency while the team decision94

making attributes represent a transition-oriented competency (Figure 6). Therefore, these data
and conclusions do not generalize to action-oriented team tasks or other marker system content.
G coefficients, like ICCs, represent the amount of variance in observed scores attributable
to true score variance (Mathieu & Day, 1997). In each of the G studies that were conducted, G
coefficients exceeded conventional standards for both relative and absolute decisions (Cardinet
et al., 2010). This means the marker system can be used to understand relative differences
between teams (e.g., there is a 2 point difference in team A’s quality of Communication Style
relative to team B) as well as make absolute distinctions (e.g., team A scored a 5 on
Communication Style while team B scored a 3).
The confluence of evidence presented in the previous chapter supports the expectation
that raters involved in the development of the marker system can differentiate among six
different competencies for rounds and handoffs. While these results are encouraging, they should
also be interpreted with caution prior to implementing the marker system further. Different
reliability indices provided varying levels of confidence in rater reliability and agreement. For
example, the G studies indicated there were no systematic differences in how instances of
teamwork or subdimensions were scored between raters by task. The ICCs and percent of
absolute agreement, however, were not as encouraging. Because this study applied a
psychometric approach, these and other considerations for improving the tool for future research
and development can be addressed, as described in the remainder of this chapter.
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Comparing Different Sources of Evidence
Generalizability Theory
The advantage of applying G theory is to model good and bad sources of systematic
variance in ratings. By using this approach, it is possible to detect and enumerate variance that is
the result of instances of teamwork, raters, subdimensions, and tasks in a single empirical design.
Table 32 compares the percentage of each source of variation for when the data for rounds and
handoffs are combined and when they are looked at separately for ease of interpretation.
Variance due to rater effects (R) was low across each G study (0.7% overall, 0.5% for handoffs,
and 0.4% for rounds). This indicates there were minimal systematic differences in how instances
of teamwork were scored by raters. There were also no systematic differences in how raters
scored a particular subdimension (RS) for either task. A small amount of variance for handoffs is
attributed to the rater X instance interaction (3.5%), but not for rounds. This means there may
have been a subset of handoffs where one rater systematically scored instances (averaged over
subdimensions) higher than the other.
The subdimension X instance interaction accounted for a large proportion of the variance
for each G study, with rounds explaining slightly more variance (34%) than handoffs (28.7%).
This finding supports the expectation that for each instance of teamwork, subdimensions are
differentially scored by raters. The subdimension main effect (20.6%) is slightly smaller than the
instance main effect (15.8%) for handoffs while the subdimension main effect (19.4%) and
instance main effect (19%) were nearly identical for rounds. Finally, a substantial amount of
variance was attributed to residual error (29.2% overall), with the error term being slightly higher
for handoffs (31%) than rounds (27.2%).
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Table 32. Comparison of sources of systematic variation across G studies.

Source of Variation

% Var(Overall)

% Var(Handoffs)

% Var(Rounds)

I:T
T
I
R
S
ST
RT
IR:T; IR
RS
IS:T; IS
IRS:T; IRS

19.8
0.0

…
…
20.6
0.5
15.8

…
…
19.0
0.4
19.4

…
…
3.5
0.0
28.7
31.0

…
…
0.0
0.0
34.0
27.2

G Coefficient Relative
G Coefficient Absolute

0.87
0.85

0.90
0.84

0.91
0.87

…
0.7
12.4
5.0
0.0
1.8
0.0
31.1
29.2

Despite illustrating a pattern of results consistent with expectations, there was a large
residual error variance associated with each G study. These findings converge to suggest
approximately 30% of variance associated with each study constituted residual error. This
residual error, however, did not attenuate the G coefficient. That said, the underlying cause of the
residual error warrants further discussion. First, the experience of team members that were
observed during instances of teamwork could have influenced ratings. For example, case
presentations during rounds are generally given by a medical student or a resident, but could also
be given by fellows and the attending. Although information about who was giving the
presentation was not captured, this variable may have influenced ratings of certain teamwork
dimensions. Similarly, the unit also employs traveling nurses to fill scheduling voids. These
nurses may not have as much familiarity with the structured protocols for conducting handoffs,
thereby influencing ratings of teamwork dimensions (e.g., reviews of patient info may not be
presented by system).
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Patient complexity presents another possible contributor to ratings of teamwork that was
not defined by the G studies. Complex patients may require more resource and contingency
planning, opportunities to teach (for rounds), information to transfer between shifts (handoffs),
and greater multidisciplinary input. Objective data such as the patient’s length of stay, ventilator
status, and number and types of medications could be collected in future studies to determine
whether patient conditions predict teamwork and team outcomes (or influence rater reliability).
Another variable that may have influenced ratings of teamwork was a newly introduced
nursing huddle that occurred at the beginning of each shift (0700). During this huddle, oncoming
nurses are paged to meet in a central location and learn about issues relating to unit census for
the day. These huddles lasted approximately 1-2 minutes and interrupted seven handoffs that
were observed. These huddles may have disrupted the flow of the handoff and thereby
influenced ratings of behaviors.
It is also worth considering how the variance attributions would look if ratings were made
at the dimension level. Such a design would involve two nested terms (instances nested within
tasks and subdimensions nested within dimensions). Conceptually, a study design that includes
additional facets should limit the amount of residual error because there is more variance in the
model that can be explained. This design could also inform the extent to which there are
differences in how ratings are made at the dimension level (good variance) or whether judgments
of behavior are clouded by newly introduced rater error (i.e., bad variance associated with the
rater). As additional opportunities for data collection become available, more facets can be
defined for future analyses to better understand the extent to which residual error pervades the
variance in ratings. For example, different attendings (i.e., leaders) may influence the quality of
teamwork during rounds. Exploring the systematic variance of instances of teamwork (nested
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within attending) can inform whether the marker system generalizes across different attendings
in a particular unit as well as whether certain attendings performed better (or worse) on
subdimensions or instances of teamwork relative to other attendings.

Intraclass Correlations
Overall, the ICCs were good for the study of rounds and handoffs, handoffs, and rounds
when single measures are considered. The average measures index was always higher than single
measures, but this result is expected because more measurements are evaluated. Despite the low
ICCs for single measures, the results are comparable to the NOTSS marker system developed for
the assessment of surgeons’ non-technical skills. Yule and colleagues (2008) reported the
following ICCs for dimension ratings of the NOTSS system: situational awareness (.29),
decision-making (.60), task management (.39), leadership (.66), and communication and
teamwork (.63). Average measure calculations, however, were much greater: situational
awareness (.95), decision-making (.99), task management (.97), leadership (.99), and
communication and teamwork (.99).
Teamwork in healthcare and within the ICU is complex, making the judgment of team
behaviors challenging as well. Marker systems attempt to alleviate some of these challenges by
providing additional structure to assessment. Certainly, areas of the ICU marker system warrant
further consideration during refinement or should be emphasized in future rater training. Yet
some of the challenges are intrinsic to the rating context. To illustrate, a single statement from a
clinician in the real world could involve behaviors related to Updating and Revising Goals (e.g.,
the patient did respond to a certain treatment), Planning and Establishing Goals (e.g., consults
with outside services and/or additional tests are suggested), and Contingency Planning (e.g.,
there are no signs of active bleeding, but that is a situation in need of monitoring). Capturing all
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of this information is a difficult undertaking for raters, especially when the behaviors occur in
rapid succession.
Another explanation for the low ICCs reported from the previous chapter may be due to a
range restriction of attribute scoring. In the present study, the extreme negative end of the scale
was not used for the instances of teamwork that were observed while the score of ‘2’ was only
given 24 times of 300 possible ratings. Even though the G studies provided evidence that raters
scored each subdimension differently, teams may generally be homogenous on each teamwork
competency. The ICC indexes the variance of instances of teamwork that were observed with the
variance between raters; the small variance of how instances were scored may be contributing to
unfavorable ICCs by deflating the true score variance in the ICC equation and amplifying rater
discrepancies (Gaba et al., 1998; Tinsley & Weiss, 1975). In the ICU where observations were
conducted, structured protocols were in place for both handoffs and rounds. These systems are
mechanisms that improve teamwork (see Chapter 2) and may be contributing to the small
variance because all teams are generally performing well. Future research would benefit from
using the marker system in a different unit or hospital to observe a more heterogeneous sample
(i.e., there is a need to assess the viability of this tool in other research contexts to evaluate its
generalizability in places with different norms and organizational policies). Further, testing the
psychometric properties of the marker system in another research context affords the
examination of additional facets in a G study, which may explain a greater percentage of the
residual error reported in the previous chapter.
In contrast to the analysis of variance reported for each G study, which showed minimal
differences in how subdimensions were rated by task, examination of ICCs paints a different
picture. Figures 9 and 10 present the ICCs across rounds and handoffs (overall), handoffs, and
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rounds for both single and averages measures respectively. Communication Style and
Communication Content showed greater inconsistency during handoffs than rounds. Updating
and Revising Goals showed greater inconsistency during handoffs than rounds as well, though
the ICCs ranged from good (for single measures) to excellent (for average measures) in both
cases. Last, Closed-loop Communication showed greater inconsistency in rounds than handoffs.
The ICU behavioral marker system developed for this study ultimately aims to generalize across
multiple task types. This finding may suggest more context specific guidance is needed for the
markers themselves or that certain competencies should be given greater emphasis in rater
training.
It is also worth noting that the ICC for Contingency Planning was consistently low across
each analysis, never surpassing a fair rating when single measures are considered. This finding is
consistent with the percent of overall agreement for this competency as well. This particular
competency may have been low for a variety of reasons. First, as described earlier, homogeneity
of variance may be contributing to the low ICCs; the small variability in true scores between
instances of teamwork may be magnifying the inconsistencies in scoring attributions between
raters. Second, it may have been difficult for raters to capture and evaluate this competency.
Findings from the critical incident and cognitive interviews provided support for Contingency
Planning being a unique competency for ICU teams. It differs from Planning and Establishing
Goals in that alternative treatment courses are identified and rationalized. That said, it may have
been difficult for raters to (1) separate these distinctions during actual observations and (2)
evaluate whether Contingency Planning was actually thorough (e.g., quality and quantity).
Future rater training and guidance would benefit from providing explicit examples of what
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constitutes good and poor performance along the entire spectrum of the rating scale for each
teamwork competency.

1
0.9
0.8
Excellent
reliability
Good

0.7
0.6
0.5
0.4

Overall

0.3
0.2

Rounds

0.1

Handoffs

0

Figure 9. Comparison of single measure ICCs.

1
0.9
0.8
Excellent
reliability
Good

0.7
0.6
0.5
0.4

Overall

0.3

Rounds

0.2

Handoffs

0.1
0

Figure 10. Comparison of average measure ICCs.
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A final area contributing to the low ICCs may simply be rater biases. One error that raters
may be particularly susceptible to in this performance context is the contrast effect. The contrast
effect occurs when raters compare a current instance of teamwork to a previous instance of
teamwork when making performance valuations, rather than relying on behavioral markers and
the behaviorally anchored scale (Feldman et al., 2012). To illustrate, one team may have been
considerably exceptional and received ratings of five for each subdimension. If raters gave the
subsequent team ratings of four because they did not perform as well as the previous team even
though they performed to the standards congruent with a rating of five, then the contrast took
place. Thus, error is introduced to ratings, leaving scores artificially deflated or inflated (and
inconsistent) across measurements. The contrast effect may have been especially applicable to
rounds, where raters had the opportunity to assess as many instances of teamwork as there were
beds in the unit in a single day.

Percent of Overall Agreement
Although not a generally accepted index of rater reliability (Hallgren, 2012), percent of
overall agreement was calculated because teamwork competencies were rated using a continuous
scale. The Kappa coefficient corrects for agreement that was due to chance, but is only
appropriate for categorical data (Pallant, 2007). In general, the percent of overall agreement was
substandard for the ratings of teamwork competencies, ranging from 44% to 80% across each
task and for both tasks combined. Contingency Planning consistently demonstrated the worst
agreement. The percentage of scores within a single point, however, was nearly perfect, ranging
from 80% to 100% across rounds and handoffs, handoffs, and rounds. This means raters
interpreted team competencies in a similar way, but ultimately scored behaviors differently.
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Given the findings reported about the usage of the scale in the previous section, a logical
consideration is whether the process of measurement actually involved a three point scale or a
five point scale (i.e., considering values from the midpoint to the positive endpoint vs. the entire
scale). If a three point scale is conceptualized, the unfavorable agreement is magnified even
further and the closeness of scoring attributions between raters is inconsequential. It is important
to reiterate that the negative end of the scale was used, albeit scarcely. This finding provides
confidence that raters were indeed considering the full range of the scale when making
judgments of team behaviors. The issue of range restriction, however, increases the concern over
attribution disagreements. A key consideration for improving rater agreement is to provide
resources to help raters better discriminate the quality of team behaviors, especially at the
intermediary points of the scale. This can be accomplished through rater training and developing
guidance materials that provide explicit examples of why certain behaviors should be scored in a
particular way for particular tasks. Another area to improve rater agreement could be to revise
the scale itself to include behavioral anchors at the intermediary points in addition to the end
points and midpoints to guide measurement.

Future Development and Testing
This study developed and tested the psychometric properties of a behavioral marker
system rooted in theory and relevant to critical care. A main consideration is that only a subset of
teamwork competencies were assessed for a subset of tasks. Future efforts will be dedicated to
evaluating the validity of the marker system during action-oriented cycles of team task
accomplishment that emphasize different teamwork competencies. Studies are planned to
observe mobility sessions and admissions in the same unit with the same methodological
approach to this end (i.e., two raters making judgments of relevant teamwork behaviors).
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Similarly, the full structure of the marker system should be tested. The current study only
required raters to score subdimensions of a subset of teamwork behaviors. Future studies should
establish the best scoring technique at the dimension level as well (e.g., weighting of
subdimensions for particular tasks, different scale points). This consideration is especially
important for observations of successive instances of teamwork (e.g., rounds and when a nurse is
assigned two patients for handoffs). It may prove too difficult for raters to take the extra time to
make judgments of behavior at multiple levels given the paucity of time between instances of
teamwork. This may leave the rater scoring a previous instance of teamwork as another instance
begins. In such cases, the raters should not rate the subsequent instance of teamwork because
they are not attending to relevant performance. Scoring attributions at the dimension level would
also provide another facet to explore in a G study as described earlier, with subdimensions being
nested within dimensions.
As more data are collected, different statistical approaches for psychometric analysis can
also be leveraged. Notably, data collected in future validation efforts will be subjected to
exploratory factor analysis (EFA), which is a large sample size technique. EFA was applied in
the psychometric evaluation of the NOTSS marker system described in Chapter 3 (Crossley et
al., 2011). The authors tested the internal structure of the tool by examining how well the
elements (i.e., subdimensions) of the rating tool conformed to the hierarchical structure of the
instrument (i.e., domains). A unique contribution planned in future psychometric testing of the
ICU behavioral marker system will be contrasting the internal structure of the marker system
when data from rounds, handoffs, and other action-oriented team tasks are combined compared
to when they are looked at separately. Such an analysis would reveal whether the structure of the

105

marker system is consistent across all team tasks, or whether subdimensions load differently
depending on what task is examined.
This study provided initial evidence that the marker system can have utility in
differentiating among teamwork competencies. Before the tool can be leveraged in research and
practice, however, mechanisms for improving rater reliability and agreement are needed. First,
the rating scale may need to be revised. Absolute agreement between raters was not favorable,
though raters generally scored behaviors within a single point of each other and did not
systematically make different scoring attributions. This may suggest the number of scale points
should be reduced, especially taking into account that the negative end of the scale was scarcely
used by either rater. Reducing the number of scale points from five to four may increase rater
reliability without greatly comprising the sensitivity of ratings. Before adjusting the scale,
however, observations of teamwork in other units without structured protocols is warranted.
Additionally, future studies of action oriented tasks may demonstrate different scale usage.
Another structural change to the rating scale could be the addition of a frequency count to
keep track of instances of good and poor teamwork to supplement the notes column. During a
single observation, there may be several examples of both good and poor manifestations of the
same teamwork competency. Retaining information related to fluctuations in performance is a
key challenge for raters when making global assessments (Gaba et al., 1998). That said,
frequency counts should not singularly be used to make the final decision for a rating; some
occurrences of the behavior may be more meaningful for scoring attributions than others and
rater judgment is needed to make that determination.
Aside from structural changes to the marker system, more explicit rater guidance and
training materials should be developed to improve rater reliability and agreement. A key
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consideration is to develop low-cost resources to supplement instructor-based training. Scenario
vignettes will be developed along with a scoring guide that explains the rationale for why
behaviors should be rated a certain way to this end. Particular emphasis should be given to areas
where rater reliability was less than ideal, as described earlier in this discussion Another strategy
could be to train a group of ‘super users’ in the tool. These ICU behavioral marker system
experts could provide additional guidance through activities such as coaching calls or web
conferences to supplement in person training, though it is worth acknowledging this is a
consideration for when the tool is more established and ready to be used for research or applied
purposes.
A final area that merits future consideration is to examine whether there are systematic
differences in how teamwork is scored based on rater background. Clinicians should be
reengaged and trained in the use of the marker system. A generalizability study could detect
whether there are systematic differences in how subdimensions are scored not just by rater
background (e.g., clinician vs. non-clinician) but also by clinician type (e.g., nurse vs. physician).
Systematic variance would indicate that certain types of raters score behaviors differently.
Ultimately, users from a diverse array of backgrounds (e.g., human factors, clinical) should be
able to reliably use the marker system. Unwanted variance may suggest areas for future system
development so that a wider range of raters with different professional backgrounds can
adequately use the tool.

Conclusion
There is a burgeoning body of work dedicated to understanding teamwork in the ICU.
Behavioral marker systems offer an objective strategy for the assessment of teamwork, yet no
system existed to quantify focal teamwork skills across a wide range of ICU tasks prior to the
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present study. Team performance measurement has a number of practical applications such as
structuring feedback to guide learning and assessing teamwork skills on the job; therefore, future
efforts to improve teamwork in this setting (e.g., through training) can leverage the marker
system to enumerate whether the goals and objectives of the intervention realized (Rosen et al.,
2010). The marker system is also linked to prominent teamwork theory, ensuring that
nomenclature used to describe teamwork competencies is accurate. A psychometric approach to
validity testing was also applied, affording the examination of areas to improve the use of the
tool in future applications. Subsequent studies exploring the validity of the tool in a broader
range of team tasks and for a wider variety of teamwork competencies are planned.
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APPENDIX A: STUDY BACKGROUND (TEAMWORK IN ICU REVIEW)
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Citation

Meurling et
al. (2013)

Miller and
Buerhaus
(2013)

Douglas et
al. (2013)

Type of
Article
1.
EmpiricalQuantitative
2.
EmpiricalQualitative

1

Teamwork Process
Investigated
(e.g., from
methods/results)

Team Task
Investigated
(e.g., from
methods/results)

Teamwork
Intervention
Investigated/Observed

-Communication
-Collaboration
-Team Climate

Clinical Tasks:
(Five standardized
scenarios were preprogrammed:
urosepsis,
pneumothorax, aortic
rupture with rebleeding after
operation, anaphylaxis
due to administration
of a drug in the ICU
and hypovolaemia due
to ruptured spleen).

Combination lecture
and SBTT; highfidelity, structured team
coordination training;
The strategy for
collaboration used
during SBTT, the all
team members’
behavior (A-TEAM)
programmed

Was the
Intervention
Developed
Primarily
(ONLY) for
Teamwork?
Y/N/NA

Y

Type of
Experiment
1. True
Experiment
2. QuasiExperiment
3. NonExperimental

2

1

Team Coordination
(preparation, planning,
direction, execution,
and team assessment)

-Handoff

Not Specified

N/A

3

1

Care Coordination

Handoff (shift change)
Rounds

Not Specified

N/A

3

110

Description of
Organization

General ICU in a
Swedish University
hospital (both
pediatric and adult
patients)

The hospital has
eight specialist
ICUs: burn,
cardiovascular,
medical,
neurological,
neonatal, pediatric,
surgical, and trauma
ICUs, with between
40 and 60 beds each.
A medical-surgical
AICU, a cardiac ICU
(CICU), a PICU, and
a neonatal ICU
(NICU) at a 400-bed
tertiary care
community teaching
hospital.

Type of
Article
1.
EmpiricalQuantitative
2.
EmpiricalQualitative

Teamwork Process
Investigated
(e.g., from
methods/results)

Team Task
Investigated
(e.g., from
methods/results)

Teamwork
Intervention
Investigated/Observed

Figueroa et
al. (2012)

1

-Closed loop
communication
-Mutual respect
-Empowerment

-Clinical; Post
pediatric cardiac
surgery cardiac arrest
management
-Huddles/Debriefs

-SBTT, TeamSTEPPS
-incorporated lecture
and high fidelity sim
followed by structured
debrief

Y

2

Newkirk et
al. (2012)

1

Communication

Rounds

-Checklist

Y

2

Rincon et
al. (2012)

1

Team Satisfaction

rounds

-Robotic Tele-Presence
(RTP)

Y

2

-26-bed Neuro-ICU

Jukkala et
al. (2012)

1

-Communication
openness
-Communication quality

Handoff

-Shift report (MICU
Communication Tool)

Y

2

-Academic health
center
-25-bed medical ICU

Karanikol
et al.
(2012)

1

Collaboration
(article discusses
perceived quality of
professional interaction
in methods)

Not Specified

Not Specified

N/A

3

-ICUs in general
hospitals in public
and private sectors
in Greece

Vigorita et
al. (2011)

1

Teamwork climate

Not Specified

Safety Attitude
Questionnaire Action
Plan

N

2

All ICUs in Rhode
Island

Citation

111

Was the
Intervention
Developed
Primarily
(ONLY) for
Teamwork?
Y/N/NA

Type of
Experiment
1. True
Experiment
2. QuasiExperiment
3. NonExperimental

Description of
Organization

Pediatric cardiac
ICU (PCICU);
Study was conducted
at an off-site sim
center
-Academic military
center
-20 bed surgical
trauma ICU
(STICU)
-16-bed burn ICU
(BICU)

Citation

Type of
Article
1.
EmpiricalQuantitative
2.
EmpiricalQualitative

Teamwork Process
Investigated
(e.g., from
methods/results)

Team Task
Investigated
(e.g., from
methods/results)

Teamwork
Intervention
Investigated/Observed

Y

3

paediatric intensive
care unit (PICU)

NS

2

12-bed surgical
intensive care unit
(SICU)

2

Surgical ICU, 16bed
Pediatric ICU, 20bed

Stocker et
al. (2012)

1

Teamwork
Communication

Clinical task; Pediatric
resuscitation

SPRinT, simulated
pediatric resuscitation
team training; High
fidelity; Included
debrief
-Debrief focused on
teaching CRM
principles

Stone et al.
(2011)

1

Not Specified

Rounds

-Daily Goal Rounds
-Checklist

1

-Communication
-leadership
-situation monitoring
mutual
support/assertion
overall teamwork
overall leadership

Clinical;
Extracorporeal
membrane
oxygenation (ECMO)

TeamSTEPPS,
classroom-based

Mayer et al.
(2011)

Type of
Experiment
1. True
Experiment
2. QuasiExperiment
3. NonExperimental

Was the
Intervention
Developed
Primarily
(ONLY) for
Teamwork?
Y/N/NA

112

Y

Description of
Organization

Citation

Pascual et
al. (2011)

Chang et al.
(2010)

Reader et al
(2011)

Type of
Article
1.
EmpiricalQuantitative
2.
EmpiricalQualitative

Type of
Experiment
1. True
Experiment
2. QuasiExperiment
3. NonExperimental

Teamwork Process
Investigated
(e.g., from
methods/results)

Team Task
Investigated
(e.g., from
methods/results)

Teamwork
Intervention
Investigated/Observed

Was the
Intervention
Developed
Primarily
(ONLY) for
Teamwork?
Y/N/NA

1

Teamwork
(Communication
Task delegation
Leadership); Situation
awareness
(calmness/assertiveness,
team/distraction
management)
*there were others, but
not necessarily directly
relevant to teamwork

Clinical,
(1) anaphylaxis with
tension pneumothorax,
(2) septic shock from
Clostridium difficult
colitis, (3) myocardial
infarction [MI] with
diabetic ketoacidosis,
(4) hemorrhagic
shock with abdominal
compartment
syndrome, and
(5) deteriorating
traumatic brain injury
with status epilecticus.

SBT, high fidelity

Y

2

Surgical ICU

1

Communication
(openness and
effectiveness)
Leadership

NS

Not Specified

N/A

3

ICU

1

communication
information sharing
Team SA
collaboration
Leadership
(communication, team
SA, leadership style)

Rounds

Not Specified

N/A

3

16-bed ICU
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Description of
Organization

Citation

Rehder et
al. (2012)

Samuels et
al. (2011)

Sexton et
al. (2011)

Ahmed et
al. (2012)

Palma et al.
(2011)
Collins et
al. (2010)

Type of
Article
1.
EmpiricalQuantitative
2.
EmpiricalQualitative

1

1

1

Type of
Experiment
1. True
Experiment
2. QuasiExperiment
3. NonExperimental

Team Task
Investigated
(e.g., from
methods/results)

Teamwork
Intervention
Investigated/Observed

Was the
Intervention
Developed
Primarily
(ONLY) for
Teamwork?
Y/N/NA

-Communication
barriers
Team culture
Shared goal agreement

Daily rounds

1) a new resident daily
progress note format;
2) performance
improvement
“dashboard”
3) use of a bedside
whiteboard to
document
daily goals

Y

2

16-bed pediatric
intensive care unit
PICU

Not Specified

Clinical;
Treating Patients with
Aneurysmal
Subarachnoid
Hemorrhage

Specialized staffing
(Dedicated
Neurocritical Care
Team)

N

2

neuroscience
intensive care units
(NICU)

2

71 ICUs
participating in the
Michigan Health and
Hospital Association
Keystone ICU
Project

N

2

pediatric intensive
care unit
(PICU) PICU, 30bed

N

2

N/A

3

Teamwork Process
Investigated
(e.g., from
methods/results)

Teamwork climate
(subsection of SAQ)

Not Specified

1

communication

Clinical
rounds

1

Not Specified

Handoff

1

Not Specified

rounds

CUSP

Specialized staffing
(Dedicated Central
Catheter Team)
Rounds (Daily
Discussion of CVC
Necessity)
-Integration of handoff
tool with EMR
Not Specified
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N

Description of
Organization

74-bed Newborn
ICU) NICU
neurovascular ICU
(NICU)

Citation

Vats et al.
(2010)

AdlerMilstein et
al. (2011)

Allan et al.,
(2010)

LeBlanc et
al. (2010)

Type of
Article
1.
EmpiricalQuantitative
2.
EmpiricalQualitative

Teamwork Process
Investigated
(e.g., from
methods/results)

Team Task
Investigated
(e.g., from
methods/results)

Teamwork
Intervention
Investigated/Observed

Was the
Intervention
Developed
Primarily
(ONLY) for
Teamwork?
Y/N/NA

Type of
Experiment
1. True
Experiment
2. QuasiExperiment
3. NonExperimental

Description of
Organization

1

communication

rounds

Not Specified

N/A

3

pediatric intensive
care unit. During the
time of analysis, The
new unit increased
from 21 beds to 30
beds and grew from
11,000 square feet to
33,000 square feet.

1

Communication
(openness, accuracy,
timeliness, and
satisfaction
Coordination
Membership stability
Collaborative decisionmaking

Not Specified

Not Specified

N/A

3

6 adult ICUs

1

Confidence in leading
future code events
Speaking up

Clinical Tasks; Sims
were based on actual
cases

CRM, classroombased, high-fidelity
sim, debriefing;
discovery based
gameplay prior to
classroom lesson to
learn about CRM skills

Y

3

24-bed pediatric
cardiac
intensive care unit
(pCICU)

1

Team commitment
Collaborative practice
(open communicating,
cooperative problem
solving, professional
recognition)

Not Specified

Not Specified

N/A

3

ICUs from 8
different European
countries

115

Teamwork
Intervention
Investigated/Observed

Was the
Intervention
Developed
Primarily
(ONLY) for
Teamwork?
Y/N/NA

Type of
Experiment
1. True
Experiment
2. QuasiExperiment
3. NonExperimental

Rounds, but unable to
investigate

Not Specified

N/A

3

112 hospitals and
107 324 patients in
the final analysis

Not Specified

Rounds

Multidisciplinary
Rounds

NS

2

ICU

1

Teamwork Climate
(scale items in table 4,
p. 214)

Not Specified

CUSP

N

2

72 ICUs

1

Leadership/management
(physicians)

rounds

Not Specified

N/A

3

pediatric ICU
(PICU); 24-bed

1

communication

rounds

Daily goal sheet

Y

2

Pronovost
et al.
(2006)

1

Communication
team structure
Leadership

-Handoff
-Clinical, routine care

Not Specified

N/A

3

Huang et
al. (2007)

1

Teamwork climate
(perceived quality of
collaboration)

Not Specified

Not Specified

N/A

3

Citation

Kim et al.
(2010)
Johnson et
al. (2009)
Pronovost
et al.
(2008)
Stockwell
et al.
(2007)
Phipps and
Thomas
(2007)

Type of
Article
1.
EmpiricalQuantitative
2.
EmpiricalQualitative

Teamwork Process
Investigated
(e.g., from
methods/results)

Team Task
Investigated
(e.g., from
methods/results)

1

Not Specified

1
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Description of
Organization

Medical-surgical
pediatric ICU; 12bed
23 ICUs were
actively reporting at
the time of this
analysis
4 ICUs with a range
from 10-30 beds

Citation

Type of
Article
1.
EmpiricalQuantitative
2.
EmpiricalQualitative

Teamwork Process
Investigated
(e.g., from
methods/results)

Type of
Experiment
1. True
Experiment
2. QuasiExperiment
3. NonExperimental

Team Task
Investigated
(e.g., from
methods/results)

Teamwork
Intervention
Investigated/Observed

Was the
Intervention
Developed
Primarily
(ONLY) for
Teamwork?
Y/N/NA

N (ventilator
and central
line bundle)

2

28 bed MedicalSurgical ICU

Description of
Organization

Jain et al.
(2006)

1

Not Specified

Not Specified

(1) physician led
multidisciplinary
rounds;
(2) daily ‘‘flow’’
meeting to assess bed
availability;
(3) ‘‘bundles’’ (sets of
evidence based best
practices);
(4)culture changes with
a focus on the team
decision making
process.

Narasimhan
et al.
(2006)

1

communication

Rounds

Daily goal sheet

Y

2

16-bed ICU

Sluiter et
al. (2005)

1

communication

Not Specified

Multidisciplinary work
shift evaluations

Y

2

pediatric intensive
care unit (PICU) in
The Netherlands

1

Collaborative
Communication
Leadership
Communication
Coordination
Problem solving &
conflict management
Team culture
Cohesion

Not Specified

Collaborative
Communication
Intervention
(contains modules, but
not sure if lecturebased or sim-based or
mixed)

Y

2

1 ICUs from 2
different hostpitals

Boyle and
Kochinda
(2004)
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Citation

Type of
Article
1.
EmpiricalQuantitative
2.
EmpiricalQualitative

Teamwork Process
Investigated
(e.g., from
methods/results)

Team Task
Investigated
(e.g., from
methods/results)

Wheelan et
al. (2003)

1

Not Specified
(stages of group
development)

Dodek and
Raboud
(2003)

1

Studdert et
al. (2003)
Pronovost
et al.
(2003)

Pollack and
Koch
(2003)

Thomas et
al. (2003)

Teamwork
Intervention
Investigated/Observed

Was the
Intervention
Developed
Primarily
(ONLY) for
Teamwork?
Y/N/NA

Type of
Experiment
1. True
Experiment
2. QuasiExperiment
3. NonExperimental

Not Specified

Not Specified

N/A

3

17 ICUs in 9
hospitals

Communication

Rounds

Explicit Approach to
Rounds

Y

2

15-bed ICU

1

Communication
Leadership
Coordination
involvement in
decisions

Life-sustaining
treatment

Not Specified

N/A

3

7 ICUs

1

Communication

Rounds

Daily Goals Form

Y

2

16-bed surgical ICU

1

-Teamwork and
leadership
'-Relationships and
communication
(openness, accuracy,
timeliness)
-Coordination
conflict resolution

Not Specified

Not Specified

N/A

3

Eight acute care
neonatal intensive
care units in
Washington, DC

1

Team climate (ability to
speak up, collaboration,
cooperation,
coordination, support,
conflict resolution,
decision-making input)

Not Specified

Not Specified

N/A

3

Eight nonsurgical
intensive care units
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Description of
Organization

Citation

Miller
(2001)

Dimick et
al. (2001)

Henneman
et al.
(2001)

Baggs et al.
(1999)

Type of
Article
1.
EmpiricalQuantitative
2.
EmpiricalQualitative

1

1

1

1

Teamwork Process
Investigated
(e.g., from
methods/results)

Items used to gauge
collaborative
interaction:
Leadership
communication
openness
communication
satisfaction
communication
timeliness
problem solving

Team Task
Investigated
(e.g., from
methods/results)

Teamwork
Intervention
Investigated/Observed

Was the
Intervention
Developed
Primarily
(ONLY) for
Teamwork?
Y/N/NA

Multidisciplinary
Meetings
[very small
component of research
scope]

Not Specified

N/A

Type of
Experiment
1. True
Experiment
2. QuasiExperiment
3. NonExperimental

3

22-bed medicalsurgical ICU

Description of
Organization

Not Specified

Rounds with an ICU
physician
Clinical; esophageal
resection

Not Specified

N/A

3

Nonfederal acute
care hospitals in
Maryland that
performed
esophageal resection
(n=35 hospitals)
during the study
period, 1994–1998

Collaboration
Communication

Clinical, Weaning
from mechanical
ventilator
Rounds (discussion of
weaning plan)

Collaborative weaning
plan including a
weaning board and
flow sheet

Y

2

8-bed medical ICU

Collaboration

Transfer (intra unit
decision to transfer out
of unit)

3

1 Medical ICU (20bed), 1 Surgical ICU
(16-bed), 1 mixed
ICU (7-bed)
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Not Specified

N/A

Type of
Article
1.
EmpiricalQuantitative
2.
EmpiricalQualitative

Type of
Experiment
1. True
Experiment
2. QuasiExperiment
3. NonExperimental

Teamwork Process
Investigated
(e.g., from
methods/results)

Team Task
Investigated
(e.g., from
methods/results)

Teamwork
Intervention
Investigated/Observed

Was the
Intervention
Developed
Primarily
(ONLY) for
Teamwork?
Y/N/NA

1

Communication
(verbal)

Rounds
Handoff/Shift change
(activities are not
necessarily associated
with these outcomes,
but these were
mentioned in
methods)

Not Specified

N/A

3

Medical -surgical
ICU (Jerusalem)

Shortell et
al. (1994)

1

Caregiver interaction:
'-Culture
-leadership
-communication
-coordination
-problemsolving/conflict
management

Not Specified

Not Specified

N/A

3

42 medical and
surgical ICUs

Baggs and
Ryan
(1990)

1

Collaboration

Transfer (intra unit
decision to transfer out
of unit)

Not Specified

N/A

3

Medical ICU

3

-The ICU is an
academic 21-bed
unit providing care
for medical, surgical,
trauma and
cardiovascular
surgery patients

Citation

Donchin et
al. (1995)

Ilan et al.
(2012)

1

Communication

Handoff

Not Specified
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N/A

Description of
Organization

Teamwork
Intervention
Investigated/Observed

Was the
Intervention
Developed
Primarily
(ONLY) for
Teamwork?
Y/N/NA

Type of
Experiment
1. True
Experiment
2. QuasiExperiment
3. NonExperimental

Description of
Organization

Handoff

Not Specified

N/A

3

16-bed medical ICU

communication

Rounds

Not Specified

N/A

3

12-bed ICU in
Australia

2

Collaboration
Communication

Not Specified

Not Specified

N/A

3

Medical intensive
care unit

2

Coordination
Communication

Handoff

Not Specified

N/A

3

-21 bed
Cardiothoracic
Intensive Care Unit
(CTICU)

Collins et
al. (2011)

2

information exchange
communication
shared mental model
Collaborative decisionmaking
coordination

rounds
handoffs

Not Specified

N/A

3

18-bed
neurovascular ICU
(NICU)

Custer et al.
(2012)

2

Communication
Shared mental model

Rounds
Handoff

Not Specified

N/A

3

26-bed pediatric
intensive care unit
(PICU)

Citation

Abraham et
al (2012)

Alvarez
and Coiera
(2005)
Baggs and
Schmitt
(1997)
Collins et al
(2012)

Type of
Article
1.
EmpiricalQuantitative
2.
EmpiricalQualitative

Teamwork Process
Investigated
(e.g., from
methods/results)

Team Task
Investigated
(e.g., from
methods/results)

2

Communication
Information Exchange
Coordination
Collaborative problemsolving

2
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Type of
Article
1.
EmpiricalQuantitative
2.
EmpiricalQualitative

Teamwork
Intervention
Investigated/Observed

Was the
Intervention
Developed
Primarily
(ONLY) for
Teamwork?
Y/N/NA

Type of
Experiment
1. True
Experiment
2. QuasiExperiment
3. NonExperimental

Teamwork Process
Investigated
(e.g., from
methods/results)

Team Task
Investigated
(e.g., from
methods/results)

Description of
Organization

Hawryluck
et al.
(2002)

2

Collaboration
Communication
Leadership/authority
Cohesion

-Rounds
-Clinical (managing a
feeding tube)

Not Specified

N/A

3

2 ICUs

Jirapaet et
al. (2006)

2

communication

handoff

Not Specified

N/A

3

Lingard et
al. (2004)

2

Collaboration

round

Not Specified

N/A

3

2

-Communication
-Collaboration
-Conflict management
-Coordination
-Leadership
-Shared problem
solving

Not Specified

Not Specified

N/A

3

4 neonatal intensive
care units
(NICUs).

Reader et
al. (2011)

2

Team leadership
Functional leadership
behaviors: listed in table
3, p. 1685)

-Rounds

Not Specified

N/A

3

7 General ICUs

Rosengren
et al.
(2007)

2

Leadership (nursing)

Not Specified

Not Specified

N/A

3

ICU in Sweden with
10 beds

Heffner et
al. (1996)

1

Communication

Resuscitation

Structured, procedure
specific DNR order
forms

Y

2

Neurosurgical ICU

Citation

Ohlinger et
al. (2003)

122

4 large neonatal
intensive care units
in Thailand
ICU team members
in two urban
teaching hospitals in
Toronto, Canada

Citation

Type of
Article
1.
EmpiricalQuantitative
2.
EmpiricalQualitative

Teamwork Process
Investigated
(e.g., from
methods/results)

Team Task
Investigated
(e.g., from
methods/results)

King and
Lee (1994)

1

Collaboration

Wayne et
al. (2008)

1

Stockwell
et al.
(2005)

Weller et
al. (2011)

Teamwork
Intervention
Investigated/Observed

Was the
Intervention
Developed
Primarily
(ONLY) for
Teamwork?
Y/N/NA

Type of
Experiment
1. True
Experiment
2. QuasiExperiment
3. NonExperimental

Not Specified

Not Specified

N/A

3

Communication

Handoff

Standardized Patient
Handoff System
(spreadsheet)

N

2

1

Leadership

Not Specified

Not Specified

N/A

3

1

-Leadership and Team
Coordination
-Mutual performance
monitoring
-Verbalizing situational
information

Clinical; sim scenarios
involved airway and
cardiovascular
emergencies

Training on crisis
resource management

Y

2

9 CCUs

N

2

Neonatal ICU

N

2

Trauma ICU

Staffing;
Multidisciplinary team
establishment (that
includes a registered
dietician)
Quality rounds
checklist

Description of
Organization

ICUs at the Navy's 4
teaching hospitals
and 2 hospital ships
-5 Cardiovascular
ICUs
-Surgical ICU
-3 surgical floors
(single hospital)
N/A (pediatric
critical care review
board course)

Sneve et al.
(2008)

1

Not Specified

Rounds

DuBose et
al. (2010)

1

Not Specified

Rounds

Wright et
al. (1996)

1

Communication

Rounds

Nurse presentation with
nursing prompt sheet

N

2

Royal Hallamshire

Boos et al.
(2010)

2

Communication
Cohesion

Clinical;
Tracheostomy

Comprehensive Care
Rounds

Y

3

Neonatal Intensive
Care Unit

123

Citation

Type of
Article
1.
EmpiricalQuantitative
2.
EmpiricalQualitative

Teamwork Process
Investigated
(e.g., from
methods/results)

Team Task
Investigated
(e.g., from
methods/results)

Teamwork
Intervention
Investigated/Observed

Was the
Intervention
Developed
Primarily
(ONLY) for
Teamwork?
Y/N/NA

Type of
Experiment
1. True
Experiment
2. QuasiExperiment
3. NonExperimental

Description of
Organization

2

Communication

Not Specified

Not Specified

N/A

3

4 ICUs (medical,
surgical, neonatal,
and pediatric), single
hospital

2

Communication

Rounds

Not Specified

N/A

3

Single Critical Care
Unit

2

Communication

Handoff

Not Specified

N/A

3

Single Critical Care
Unit

2

Communication

Rounds

Not Specified

N/A

3

Neurovascular ICU

2

Communication
Information Exchange
Joint Sense-Making

Rounds

Not Specified

N/A

3

Pediatric ICU

1

Not Specified

Handoff

Standardized
presentation format

N

2

Medical-Surgical
ICU

1

Coordination

Not Specified

N/A

3

General ICU

1

Communication

Not Specified

N/A

3

2 ICUs

1

Communication

Not Specified

Wireless email

Y

3

Medical-Surgical
ICU

Nunnink et
a. (2009)

1

Not Specified

Clinical; emergency
chest reopen

Simulation-based Team
Training; high fidelity

Y

2

Surgical ICU

Cardarelli
et al.
(2009)

2

Not Specified

Rounds

Not Specified

N/A

3

Pediatric ICU

Rangachari
et al.
(2010)
Manias and
Street
(2001)
Manias and
Street
(2000)
Collins et
al. (2010)
Ho et al.
(2007)
Pickering et
al. (2009)
Miller et al.
(2009)
Miller et al.
(2009)
O'Connor
et al.
(2009)

Handoff
Round
Handoff
Round
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Citation

Type of
Article
1.
EmpiricalQuantitative
2.
EmpiricalQualitative

Teamwork
Intervention
Investigated/Observed

Was the
Intervention
Developed
Primarily
(ONLY) for
Teamwork?
Y/N/NA

Type of
Experiment
1. True
Experiment
2. QuasiExperiment
3. NonExperimental

Teamwork Process
Investigated
(e.g., from
methods/results)

Team Task
Investigated
(e.g., from
methods/results)

Description of
Organization

Vivian et
al. (2009)

2

Trust
Cooperation

Not Specified

Not Specified

N/A

3

Pediatric ICU

Piquette et
al. (2009)

2

Coordination
Collaboration
Leadership
Conflict Management

Not Specified

Not Specified

N/A

3

4 ICUs at a single
hospital

Linton et
al. (2009)

2

Leadership

Not Specified

Not Specified

N/A

3

General ICU
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APPENDIX B: STUDY RESULTS (TEAMWORK IN ICU REVIEW)
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Citation

Team Outcome

Meurling et
al. (2013)

1. Improved
perception of team
climate among nurse
assistants
2. Improved
perception of
collaboration and
communication with
physicians among
nurse assistants

Miller and
Buerhaus
(2013)

NS

Was Limited
Generalizability
Specified in
Study
Limitations?

Patient Outcome

Task Outcome

Individual Outcome

Unit/
Organization
Outcome

NS

1. Improved self-efficacy
among physicians and
nurses

1. Reduced nurse
turnover
2. Reduction in sick
leave among nurses
and nurse assistants

1. Increased
perceived
quality of safety
climate among
nurses and
nurse assistants

N

NS

NS

Y

NS

1. The type of support tool
used depends on the phase
of team coordination charge
nurses were engaged in.
2. The patient list was used
by CNs during handoffs and
updates with other staff
nurses
3. 29% of coded units
involved CN nurse
interaction with other peers
4. 22% of coded units
involved CN nurse
interaction with other team
members
5. CN generally do not rely
on support tools during
execution and assessment
decisions involving staff
and other team members
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Citation

Team Outcome

Douglas et
al. (2013)

NS

Figueroa et
al. (2012)

-Increased confidence
and skill in leading
code events
-Increased use of
closed-loop
communication
-Increased perception
of mutual respect and
empowerment

Was Limited
Generalizability
Specified in
Study
Limitations?

Patient Outcome

Task Outcome

Individual Outcome

Unit/
Organization
Outcome

NS

1. Nurses were observed to
spend 52% of time in direct
patient care, 23% care
coordination, 2% on direct
patient care activities, and
24% on non patient care
2. Nurses only spent 3% of
time talking with physicians
3. Nurses were engaged in
coordination tasks 79% of
the time during handoffs
(21% outside handoffs)
4. Nurses were engaged in
coordination tasks 80% of
the time during rounds
(22% outside rounds)
5. On average, nurses
switched between tasks
every 29 seconds (125
activities per hour).

NS

NS

N

NS

-Increase confidence and
skill in advanced airway
management and
cardioversion/defibrillation
-Increased use of
huddles/debriefs

NS

NS

N

NS

NS

N

NS

NS

Y

Newkirk et
al. (2012)

NS

NS

-Checklist items were
discussed more frequently
after the checklist was
implemented

Rincon et
al. (2012)

-Increased team
satisfaction among

NS

NS
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Citation

Jukkala et
al. (2012)

Karanikol
et al.
(2012)

Team Outcome

nurses
-Improved overall
perception of
communication
handoff
communication
(quality and openness
of communication did
not show a significant
improvement)

NS

Was Limited
Generalizability
Specified in
Study
Limitations?

Patient Outcome

Task Outcome

Individual Outcome

Unit/
Organization
Outcome

NS

NS

NS

NS

N

NS

1. Approx. 21% of
participants reported
moderate anxiety
symptoms, with sleep
disturbance being
mentioned the most
2. Satisfaction of
professional
interaction between
nursing personnel
and phycisians was
negatively associated
with anxiety, anxious
mood, tension,
depression, muscular,
cardiovascular, and
genitourinary
symptoms, and sleep
disturbances
3. Satisfaction of
professional
interaction among
nurses was negatively
associated with
anxiety, anxious

NS

N

NS
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Citation

Team Outcome

Patient Outcome

Task Outcome

Individual Outcome

Unit/
Organization
Outcome

Was Limited
Generalizability
Specified in
Study
Limitations?

1. Units with
SAQAP
observed
greater
improvement in
safety climate
and perceptions
of management,
but these
differences
were not
statistically
significant

Y

mood, tension, sleep
disturbances,
depression, and
cardiovascular
symptoms
4. Satisfaction of
professional
interaction did not
significantly predict
higher anxiety

Vigorita et
al. (2011)

1. Units with SAQAP
observed a greater
increase in improved
team climate scores,
but this difference
was not statistically
significant.

1. Units with SAQAP
decreased CLABSI rates
by approx. 10% compared
to approx. 2% in units
without SAQAP, but this
difference was not
significant
2. Units with SAQAP
decreased VAP rates by
approx. 15% compared to
approx. 5% in units
without SAQAP, but this
difference was not
significant

NS
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1. Units with SAQAP
observed greater
improvement in job
satisfaction and stress
recognition, but these
differences were not
statistically
significant

Citation

Stocker et
al. (2012)

Stone et al.
(2011)

Was Limited
Generalizability
Specified in
Study
Limitations?

Patient Outcome

Task Outcome

Individual Outcome

Unit/
Organization
Outcome

1. Impact of SPRinT
on teamwork and
communication was
perceived as effective
by approx. 91% of
respondents
2. The perceived
effectiveness of
SPRinT on nontechnical skills was
significantly
sustained from the
introduction to
intermediate phase
and the intermediate
phase to the
established phase.

NS

1. Impact of SPRinT on
technical skills was
perceived as effective
among approx. 70% of
respondents
2. The perceived
effectiveness of SPRinT on
technical skills was
significantly sustained from
the introduction to
intermediate phase and the
intermediate phase to the
established phase.

NS

NS

N

NS

1. The number of VAPs
significantly decreased by
67% following the
implementation of GR
2. There was a significant
decrease in the incident
rate from 26.8 VAPs to 7.0
VAPs per 1,000 ventilator
days.
3. There was not a
significant difference in
patient mortality
4. There was not a
significant different in
mean ventilator days
5. There were decreases in
the average SLOS and
HLOS, but these

NS

NS

NS

N

Team Outcome
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Team Outcome

Patient Outcome

Task Outcome

Individual Outcome

Unit/
Organization
Outcome

1. The amount of time
between the decision to
place a patient on EMCO
and the placement of the
patient on EMCO was
significantly lower.

NS

NS

Was Limited
Generalizability
Specified in
Study
Limitations?

N

differences were not
significant

Mayer et al.
(2011)

1. 1 month following
implementation, there
were significant
improvements in
communication,
leadership, situation
monitoring, mutual
support, overall
teamwork, and
overall leadership
2. Communication,
leadership, situation
monitoring, and
overall teamwork did
not remain
significantly
improved 6 months
after the intervention
3. Small changes
were noticed in the
nurses perception of
teamwork, both for

1. The rate of nosocomial
infection decreased for all
but 4 months
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Citation

Team Outcome

Patient Outcome

Task Outcome

Individual Outcome

Unit/
Organization
Outcome

NS

1. Improvements were
observed in emergency
clinical skills post
intervention, but not
significantly
2. Multiple choice
performance improved
significantly for advanced
practitioners, but not
fellows

NS

NS

Was Limited
Generalizability
Specified in
Study
Limitations?

Y

RN-RN interactions
and RN-MD
interactions

Pascual et
al. (2011)

1. Improvements
were observed among
all trainees for
teamwork, decision
making, and SA
2. Leadership skills
were significantly
greater for fellows
than AP's before
training, but became
similar following
training
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Citation

Chang et al.
(2010)

Team Outcome

1. Communication
was perceived to be
significantly more
open by doctors
(73%) than nurses
(32%)
2. Doctors perceived
doctor-doctor comms
and doctor to nurse
comms as good.
Nurses perceived
there was less comms
between doctors and
nurses
3. 61% of nurses and
50% of Drs. reported
Dr-Nurse
communication as
effective across
shifts.

Patient Outcome

Task Outcome

Individual Outcome

Unit/
Organization
Outcome

NS

1. 53% Drs reported other
physicians had given them
incorrect patient
information. 67% felt nurses
had given them incorrect
patient information,
2. 32% of nurses reported
that Drs had given them
incorrect patient
information. 51% felt nurses
felt other nurses had given
them incorrect patient
information
3. 20% of Drs. And 39% of
nurses considered it
necessary to recheck
information they had
received.
4. 88% of nurses felt they
called Drs in a timely
manner regarding patient
care. 53% of Drs. felt nurses
called them in a timely
manner regarding patient
care.
5. Compared to Dr. (63%),
nurses (87%) felt they had
an overall understanding of
patient care goals.
6. 28% of Drs felt the ICU
always meets patient care
treatment goals, compared
to 65% of nurses
7. Nurses tended to think
treatment outcomes were

1. Nurses did not
consider it enjoyable
to talk with Drs.
2. Nurses did not
consider it enjoyable
to talk with other
nurses, and
specifically sisters
3. Drs. Considered it
enjoyable to talk with
each as well as nurses
4. Drs reported they
felt it was easy to
receive advice from
other Drs. (90-100%)
5. More Drs (83%)
than nurses (63%)
reported they felt that
it was easy to take
advice from senior
nurses

1. Only 3% of
physicians feel
the most
sophisticated
technology is
applied to
patient care as
compared to
53% of nurses
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Patient Outcome

Task Outcome

Individual Outcome

Unit/
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Outcome

Was Limited
Generalizability
Specified in
Study
Limitations?

NS

NS

N

more favorable (73%) than
what Drs felt (48%)

Reader et al
(2011)

1. Verbal
communications
made by nursing
staff, senior trainees,
and junior trainees
correlated with selfratings of
involvement
2. Verbal
contributions by
nurses, senior
trainees, and junior
trainees were
positively associated
with Snr. Dr. prompts
3. Snr Dr./Snr. trainee
team SA of patient
deterioration was

NS

1. Sr. Drs. were
significantly more accurate
anticipating patient
deterioration likelihood than
Jr. Drs.
2. Anticipations were
correct 71% of the time
when all team members
formed shared SA
3. Sr. Dr. anticipations were
incorrect 58% of the time
when they were in a
minority
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Citation

Team Outcome

Patient Outcome

Task Outcome

Individual Outcome

Unit/
Organization
Outcome

NS

1. Barriers to
communication were
reduced after the
intervention
1A. Nurse bedside
multitasking (approx. 28%
to approx. 9%)
1B. Interruptions during
patient presentations
(approx. 17% to 8%)
1C Group disassociation
(approx.. 17% to approx.
7%)
2. Use of facilitators to
communication were
increased
2A. Review of prior daily
goals (approx. 1% to
approx. 94%
2B. Solicitation of bedside
nurse input (approx. 74% to
97%)
2C. Confirmation of patient
orders at conclusion of
patient discussion (approx.

1. Approx. 43% of
physicians were 'very
satisfied' or 'satisfied'
with the rounding
process prior to the
intervention,
compared to approx.
78% after the
intervention

NS

Was Limited
Generalizability
Specified in
Study
Limitations?

N

predicted by Snr.
trainee involvement
during decisionmaking
4. Snr. Dr./Jnr trainee
team SA for patient
deterioration was
predicted by Jnr.
trainee involvement

Rehder et
al. (2012)

-Mean team
agreement improved
from approx. 57%
before the
intervention to
approx. 83% after the
intervention
2. The number of
clinicians who
considered
themselves as a
valuable member of
the team increased
from approx. 59%
before the
intervention to
approx. 77% after the
intervention.
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Patient Outcome

Task Outcome

Individual Outcome
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Was Limited
Generalizability
Specified in
Study
Limitations?

NS

NS

N

76% to approx. 93%)
3. No differences were
observed in the time
required to complete rounds

Samuels et
al. (2011)

NS

1. Patients were more
likely to be discharged to
their home following the
intervention (approx. 37%)
than before (approx. 25%).
2. Patients were less likely
to be discharged to a rehab
facility following the
intervention (approx. 32%)
than before the intervention
(approx. 43%)
3. Patients were more
likely to receive definitive
aneurysm treatment
following the intervention
(18%) than before the
intervention (approx.
11%).

NS
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Citation

Sexton et
al. (2011)

Ahmed et
al. (2012)

Team Outcome

Patient Outcome

Task Outcome

Individual Outcome

Unit/
Organization
Outcome

Was Limited
Generalizability
Specified in
Study
Limitations?

N

No Limitations
Specified

NS

NS

NS

NS

1. Improved
safety climate
scores were
observed
following the
intervention
(approx. 43% to
approx. 52%)
2. Less ICUs
needed
significant
safety climate
improvements
after the
intervention
(33) than before
(62)
3. Safety
climate
improved
significantly
across a variety
of hospital
characteristics
(e.g., bed size,
teaching,
nonteaching,
faith-based, not
faith-based)

NS

1. CA-BSI rate was
reduced from 7.9 infections
per 1000 central catheter
days to 1.3 infections per
1000 central catheter days
(reduction of approx..

NS

NS

NS
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Citation
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Patient Outcome

Task Outcome

Individual Outcome

Unit/
Organization
Outcome

1. The perceived accuracy
of the sign-out document
increased following the
implementation of the
intervention (78% to 91%)
2. The satisfaction with the
process of updating
information in the sign-out
document increased
following the intervention
(35% to92%)
3. The satisfaction with the
printed sign-out document
improved following the
intervention (71% to 98%)
4. More time was spent
updating sign-out
information after the
intervention (16-20min)
than before (11-15min)
5. Time spent transcribing
EMR data during sign-out
preparation reduced from
25-49% before the
intervention to less than
25% following the
intervention.

NS

NS

Was Limited
Generalizability
Specified in
Study
Limitations?

N

84%)

Palma et al.
(2011)

NS

NS
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Citation

Team Outcome

Patient Outcome

Collins et
al. (2010)

NS

NS

Vats et al.
(2010)

NS

NS

Task Outcome

1. Approx. 24 % of goals
stated during rounds were
not documented in the EHR
2. The attending
documented stated
ventilator weaning goals
81% of the time and stated
sedation weaning goals 49%
of the time.
3. If a stated goal was
documented, there was a
goal-related action approx.
83% of the time. If a stated
goal was not documented,
there was a goal related
action 17% of the time.
1. Variation in time spent
per patient, though rounding
time not significantly
correlated with patient
acuity
2. Rounding variation
typically a product of
nonessential activities
(teaching, patient
assessment, and family
updates)
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Individual Outcome

Unit/
Organization
Outcome

Was Limited
Generalizability
Specified in
Study
Limitations?

NS

NS

N

NS

NS

Y

Citation

AdlerMilstein et
al. (2011)

Allan et al.,
(2010)

Team Outcome

1. residents felt the
team was more
bounded than nurses
2. Perceived
communication
accuracy, openness,
and timeliness was
similar for nurses and
residents
3. Nurses perceived
satisfaction with
communication was
higher than residents
4. Residents
perceived greater
collaboration and
planning among the
team than did nurses
5. Communication
timeliness and
accuracy were
negatively correlated
6. Collaboration was
positively correlated
with communication
openness, timeliness,
and coordinated
planning.
1. Participants felt
they were better
prepared to lead
future resuscitation
events
2. Participants
indicated they were

Was Limited
Generalizability
Specified in
Study
Limitations?

Task Outcome

Individual Outcome

Unit/
Organization
Outcome

NS

NS

1. Nurses perceived
their work to be more
autonomous than
residents

NS

N

NS

1. Participants felt they
were better prepared to
participate in future
resuscitation events

1. Participants felt
less anxious and
more confidence in
participating in future
code events

NS

N

Patient Outcome
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Citation

LeBlanc et
al. (2010)

Kim et al.
(2010)

Johnson et
al. (2009)

Team Outcome

more likely to notify
the team leader if the
resuscitation event
was not being
managed
appropriately
1. Team commitment
explains the
relationship between
efficacy beliefs and
collaborative practice
2. Team commitment
is positively related
to future efficacy
beliefs
3. Collaborative
practice is positively
related to future
beliefs of team
commitment

NS

NS

Was Limited
Generalizability
Specified in
Study
Limitations?

Patient Outcome

Task Outcome

Individual Outcome

Unit/
Organization
Outcome

NS

NS

NS

NS

N

NS

NS

NS

Y

1. Compliance with VAP
bundle improved from
approx. 50% to 94% after
the implementation of
MDRs

NS

NS

No Limitations
Specified

1. Odds of death ratio was
reduced in hospitals with
that provide
multidisciplinary care,
especially with there is a
mandatory consult or
primary intensivist
management)
1. Decrease from 83 VAPs
in 2414 vent days (34.4
VAPs per 1000 vent days)
to 49 VAPs in 2094 vent
days (23.4 Vaps per 1000
vent days)
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Citation

Pronovost
et al.
(2008)

Stockwell
et al.
(2007)

Team Outcome

1. Teamwork climate
increased by 10
points or more in 19
ICUs and decreased
by 10 points or more
in 6 ICUs.
For the 6 ICUs that
decreased in
teamwork climate
scores,
nurse=physician
teamwork, conflict
resolution, and nurse
input were rated as
lower than the 10
point increase group
2. Overall, teamwork
climate scores
increased from
approx. 47% prior to
CUSP to approx.
51% a year after
implementation

NS

Was Limited
Generalizability
Specified in
Study
Limitations?

Patient Outcome

Task Outcome

Individual Outcome

Unit/
Organization
Outcome

NS

1. Chlorhexadine was
routinely available in ICU
central line kits in only 20%
of the 72 hospitals before
CUSP. Following a letter to
hospital CEOs that
requested Chlorhexadine, it
was observed to be stocked
in 77% of hospitals and
60% of hospitals also had
chlorhexadine central line
kits.

NS

NS

N

NS

1. Physician management
index scores were positively
correlated with goal
accomplishment
2. Physician management
index scores and the length
of rounds per patient were
negative correlated

1. Attendings with
more experience,
years practicing since
there fellowship and
that were older were
rated more favorably
on the Physician
Management Index

NS

N
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Phipps and
Thomas
(2007)

1. The goal sheet
demonstrated a
positive influence of
the goal sheet on
perceived
communication,
including 73%
perceiving improved
communication of
between nurses on
different shifts
2. There was an
increased perception
that the unit staff
worked as a team
following the
implementation of the
daily goal sheet

1. 85% of nurses perceived
the use of the daily goal
sheet to have improved the
care of children admitted to
the PICU

NS

n's

NS

N

Pronovost
et al.
(2006)

NS

1. 32% (670) of
contributing factors were
team factors
2. 19% (386) involved
verbal or written
communication during
routine care
3. 12% (249) involved
verbal or written
communication during a
handoff
4. 7% (138) involved team
structure and leadership

NS

NS

NS

Y

Huang et
al. (2007)

1. Nurse directors
tended to
overestimate the team
climate in their unit,

NS

1. Nurse
directors
overestimated
the SAQ factor

Y

NS

NS
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Citation

Team Outcome

Patient Outcome

Task Outcome

Individual Outcome

but this was not
significant.
2. Nurses tended to
rate teamwork
climate lower than
physicians, though
this relationship was
not significant

Jain et al.
(2006)

Narasimhan
et al.
(2006)

Sluiter et
al. (2005)

NS

1. Nurses and
physicians perception
of communication
improved following
the intervention and
remained high 6
months after the
intervention
1. 62% of participants
indicated increased
perceptions of team
communication
2. Satisfaction with
communication

Unit/
Organization
Outcome

Was Limited
Generalizability
Specified in
Study
Limitations?

scores of their
personnel, but
this was not
statistically
significant.

1. VAP rates decreased
from 7.5 per 1000 line
days before the
intervention to 3.2 per
1000 line days
2. The rate of urinary tract
infection was reduced from
3.8 per 1000 catheter days
to 2.4 per 1000 catheter
days
3. BSI rates were reduced
from 5.9 per 1000 line days
to 3.1 per 1000 line days

NS

NS

1. The cost of
ICU episode
was reduced
from $3406
before the
intervention to
$2973
following the
intervention, a
cost reduced of
about 21%

N

1. The mean length of stay
was shortened from 6.4
days before the
intervention to 4.3 days
following the intervention

1. The understanding of
care goals among nurses
and physicians was
improved following the
implementation of the goal
sheet, and scores remained
high 9-months after the
intervention

NS

NS

Y

NS

NS

1. Reduced issues
associated with
emotional exhaustion

NS

N
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Generalizability
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Task Outcome

Individual Outcome

Unit/
Organization
Outcome

1. Personal stress
decreased among
nurses following the
intervention
2. Job satisfaction
increased among
nurses, but this
finding was not
significant
3. Intent to stay
decreased among
nurses following the
intervention

NS

N

increased from 76%
before the
intervention to 92%
following the
intervention

Boyle and
Kochinda
(2004)

1. Collaborative
communication
scores increased
among nurse and
physician leaders
2. Work group
cohesion increased
following the
intervention, but was
not significant

NS

1. Perceived technical
quality of care and ability to
meet family needs among
nurses and physicians
increased after the
intervention, but was not
significant

Wheelan et
al. (2003)

NS

NS

NS

NS

NS

No Limitations
Specified

NS

1. Attending more like to be
present after explicit
approach introduced (85%
to 93%)
2. Increased perception that
there was a long-term plan
of care in place for each
patient following
intervention (54% to 76%)
3. Increased perception that
teaching time was
structured during rounds
(30% to 46%)
4. Increased satisfaction
with the process and

NS

NS

N

Dodek and
Raboud
(2003)

NS
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Outcome

Was Limited
Generalizability
Specified in
Study
Limitations?

outcomes of rounds (86% to
945%)
5. Fewer residents examined
there patients before rounds
after the intervention than
before (88% to 76%)

Studdert et
al. (2003)

Pronovost
et al.
(2003)

Types of team
conflicts:
1. conflicts centering
on LST (7%)
2. Poor
communication
(17%)
3. Lack of leadership
(9%)
4. Lack of
coordination (7%)
5. Medical
management (55%)
6. Belief among
nurses that they were
excluded from
decisions (9%)

NS

NS

NS

NS

Y

NS

1. ICU LOS decreased
from 2.2 days on average
per patient before the
intervention to 1.1 days on
average per patient after
the intervention

1. Percent of residents and
nurses who understood
daily goals of a patient
increased from 10% before
the intervention to over 95%
following the intervention

NS

NS

N
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Task Outcome
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Organization
Outcome

Pollack and
Koch
(2003)

NS

1. Lower incidence of
PIVH/PVL was associated
with high scores of
leadership, conflict
resolution, and
coordination. Higher scores
of communication and job
satisfaction were also
associated with lower
PIVH/PVL, but were not
significant.
1. Lower mortality rate was
associated with higher
scores for composite scores
of RTs
2. Lower incidence of
PIVH/PVL were associated
with higher nurse
composite scores

NS

NS

NS

N

Thomas et
al. (2003)

1. The quality of
collaboration and
communication with
nurses was rated high
or very high by 71%
by of nurses , while
just 33% of nurses
rated the quality of
collaboration and
communication with
physicians as higher
or very high.
2. The quality of
communication and
collaboration with
physicians was rated

NS

NS

NS

NS

N

Citation
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Citation

Miller
(2001)

Team Outcome

as high or very high
by 70% of
physicians.
3. Perceptions of
team climate were
different based on
roles, especially for
difficulty speaking
up, decision-making
input, physiciannurse collaboration,
and nurse input
4. Nurses were less
satisfied with team
climate than
physicians
1. Nurses and
physicians had
different perceptions
of collaboration
2. Perceptions of
communication
openness between
nurses and
physicians,
communication
timeliness and
satisfaction, problem
solving between
nurses and
physicians, and
problem solving
within their group
were rated higher by
physicians than

Patient Outcome

Task Outcome

Individual Outcome

Unit/
Organization
Outcome

NS

1. Physicians rated the
technical quality of care
higher than nurses
2. There were no observed
differences in care giver
interaction among personnel
who attended
multidisciplinary meetings

1. Physicians rated
physician expertise
higher than nurses
rated physician
expertise

NS
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No Limitations
Specified

Citation

Team Outcome

Patient Outcome

Task Outcome

nurses
3. The perception of
communication
openness was rated as
higher for day shift
nurses compared to
night shift nurses
4. Nurses with more
experience rated
perceptions of
communication
openness and
problem solving with
other nurses higher
than nurses with less
experience
5. Perceptions of
physician leadership
and communication
openness were rated
higher by specialty
care physicians than
primary care
physicians
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Organization
Outcome
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Generalizability
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Dimick et
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Patient Outcome

Task Outcome

Individual Outcome

Unit/
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NS

Patients undergoing
esophageal resection:
1. Hospitals that conducted
daily rounds with an ICU
physician had a lower inhospital mortality rate (4%)
than hospitals that did not
(approx. 14%)
2. After a patient received
an esophagectomy,
hospitals that did not have
daily rounds by an ICU
physician experienced a
three-fold increase in
mortality rate after
adjusting for severity of
illness and demographic
factors
3. Patients in hospitals
without daily rounds by an
ICU physician was
increased by 73%, or 7
days (median)
4. Hospital costs for
patients undergoing
esophageal resection in
hospitals without ICU
physician leading daily
rounds was $23,335
compared to 14,424 when
there was daily rounds by
an ICU physician. This
accounted for an increase
in 61% of costs or $8,839
(median)

NS

NS

NS
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NS

NS

NS

Was Limited
Generalizability
Specified in
Study
Limitations?

N

5. Increased risk of
pulmonary insufficient,
renal failure, aspiration,
reintubation, and surgical
complications was
positively associated with
hospitals that did not have
daily rounds with ICU
physicians

Henneman
et al.
(2001)

NS

1. 40% of patients were
successfully weaned off the
ventilator before the
intervention compared to
50% after the intervention
2. Median length of time
patients received
mechanical ventilation was
longer before the
intervention (approx. 12
days) than after (9 days).
3. Median LOS in the ICU
was longer before the
intervention (approx. 13
days) than after the
intervention (9 days)
4. The average hospital
cost was on average greater
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Citation

Team Outcome

Patient Outcome

Task Outcome

Individual Outcome

Unit/
Organization
Outcome

Was Limited
Generalizability
Specified in
Study
Limitations?

NS

1. There was a
positive
relationship
between
collaboration at
the unit level
was associated
with positive
patient
outcomes

N

before the intervention
($52,789; median $37,920)
than after the intervention
(($42,213; median
$26,559)

Baggs et al.
(1999)

1. Nurses perceptions
of collaboration were
not associated with
resident perceptions
of collaboration
(MICU)

1. After controlling for
disease severity, nurses
perceptions of
collaboration predicted
positive patient outcomes
(MICU). Nurses at other
sites and
physicians/residents
perceptions of
collaboration across all
sites were not associated
with patient outcomes

NS
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Citation

Donchin et
al. (1995)

Shortell et
al. (1994)

Team Outcome

1. When verbal
communications were
coded, they
represented 9% of all
activities. 2% of these
activities were
between Drs and
nurses and the rest
were solely among
Drs or solely among
nurses

NS

Patient Outcome

1. 37% of error reports
noted verbal
communication between
nurses and physicians.
(note: only 2% of activities
were between nurses and
physicians).

1. No association between
care giver interaction and
mortality
2. Patient LOS was
associated with caregiver
interaction

Task Outcome

1. Activities performed by a
single physician occurred
4.7% of the time
2. Activities performed by
two or more physicians
occurred 2.2% of the time
3. Activities performed by a
single nurse occurred 84%
of the time
4. Activities performed by
two nurses occurred 2.7%
of the time
5. Activities involving both
nurses and physicians
occurred 3% of the time
6. Patients daily activities
were recorded only in their
bedside flow sheet 47% of
the time, only the
physician's order sheet 7%
of the time, both forms 18%
of the time, and neither
form 18% of the time
7. Nurse errors tended to
peak 1-hr after physician
rounds and around the time
of their shift change
1. Perceptions of technical
quality of care was
associated with caregiver
interaction
2. Perceptions of staff to
meet family member needs
was associated with
caregiver interaction
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Individual Outcome

Unit/
Organization
Outcome

Was Limited
Generalizability
Specified in
Study
Limitations?

NS

NS

No Limitations
Specified

1. Nurse turnover
was negatively
associated with
caregiver interaction

NS

N

Citation

Team Outcome

Patient Outcome

Task Outcome

Baggs and
Ryan
(1990)

NS

NS

NS

Ilan et al.
(2012)

NS

NS

NS

NS

1. About half of
communication events
during handoffs were
accepted without discussion
2. one third of
communication events that
required additional
information were resolved
once that info was provided
3. 4% of communication
events were rejected, which
resulted in a decisionmaking cycle
4. Collaborative problem
solving was required for
11% of observed
communication events that
were not immediately
resolved.

Abraham et
al (2012)

NS
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Individual Outcome

1. Nurse perception
of nurse-physician
collaboration during
decisions to transfer
patient were
associated with nurse
satisfaction
1. Handover duration
varied significantly
among physicians

NS

Unit/
Organization
Outcome

Was Limited
Generalizability
Specified in
Study
Limitations?

NS

Y

NS

Y

NS

Y

Citation

Alvarez
and Coiera
(2005)

Baggs and
Schmitt
(1997)

Collins et al
(2012)

Team Outcome

NS

1. Antecedents to
collaboration
involved being
available and
receptive

NS

Was Limited
Generalizability
Specified in
Study
Limitations?

Patient Outcome

Task Outcome

Individual Outcome

Unit/
Organization
Outcome

NS

1. Communication events
comprised 75% of round
time and time spent
communicated varied by
role
2. Channels for
communication were faceto-face (97%) and over the
phone
3. Turn taking interruptions
occurred in about 5.3% of
communication events, and
were mostly initiated by Drs
(58%)
4. Conversation initiated
interruptions occurred 37%
of communication event
time

NS

NS

No Limitations
Specified

1. Improved patient care
was considered by nurses
and residents as a product
of collaboration

NS

1. Increased job
satisfaction was
discussed as an
outcome of working
together
2. One nurse
mentioned that
increased nurse
retention was an
outcome of
collaboration

NS

Y

NS

1. Overlap in handoff
content from physicians and
nurses was observed.
2. Handoffs tended to by
discipline specific
3. Semi-structured

NS

NS

Y
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Citation

Team Outcome

Individual Outcome

Unit/
Organization
Outcome

Was Limited
Generalizability
Specified in
Study
Limitations?

NS

1. The most common way
updates between disciplines
take place is through
discussions during and
between rounds

NS

1. The current E
HR system was
inefficient

N

NS

NS

NS

NS

Y

NS

NS

NS

NS

N

Patient Outcome

Task Outcome

communication tool
(Kardex) often used by
nurses during handoff as
well as the nurse handoff
sheet (typically used in
conjunction with one
another.

Collins et
al. (2011)

Custer et al.
(2012)

Hawryluck
et al.
(2002)

1. Although verbal
communication is the
most frequent way to
exchange
information, such a
medium is subject to
information
loss/decay
1. Disjointed
communication was
identified as a barrier
to patient care. Most
communication
occurs during
unplanned
discussions, even
though rounds
present a formal time
for the entire team to
communicate
1. authority,
education, patient
needs, knowledge,
resources, and time
influence
collaboration
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Citation

Jirapaet et
al. (2006)

Lingard et
al. (2004)

Ohlinger et
al. (2003)

Team Outcome

1. Infective
communication was
considered to be a
contributor to errors
in nursing practice.
Unclear
handwriting/telephon
e orders, using non
standardized
abbreviations
contribute to
ineffective
communication
1. Collaboration was
influenced by
individuals
perception of
ownership of
commodities (e.g.,
specialized
knowledge and
equipment) and the
process of trade (e.g.,
allocating valued
commodities)
1. Best practices for
NICU Culture of
Collaboration:
-Communication
among and between
teams
-Leading by example
-Exhibit trust and
respect
Adherence to

Individual Outcome

Unit/
Organization
Outcome

Was Limited
Generalizability
Specified in
Study
Limitations?

No Limitations
Specified

Patient Outcome

Task Outcome

NS

1. Handoff procedures were
considered to be a barrier to
safe practice

NS

1. Insufficient
staffing was
considered to be
a barrier to safe
practice

NS

NS

NS

NS

N

NS

NS

NS

NS

No Limitations
Specified
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Citation

Reader et
al. (2011)

Team Outcome

standards of
excellence/conduct
-Nurture team
members
-Encourage conflict
management
1. Leadership
behaviors center on
information
gathering, planning
and decision making,
and managing team
members/materials
(functional
leadership)
2. Team development
behaviors include
providing team
direction and support,
establishing norms,
and coaching
3. The majority of
cited leadership
behaviors for a
routine day involved
managing team
members (48%)
4. Most referenced
team development
behaviors involved
the establishment of
norms (41%)

Patient Outcome

Task Outcome

Individual Outcome

Unit/
Organization
Outcome

NS

NS

NS

NS
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Was Limited
Generalizability
Specified in
Study
Limitations?

N

Was Limited
Generalizability
Specified in
Study
Limitations?

Citation

Team Outcome

Patient Outcome

Task Outcome

Individual Outcome

Unit/
Organization
Outcome

Rosengren
et al.
(2007)

1. Nursing leadership
was typically
described in terms of
availability, presence,
providing
acknowledgement,
and facilitating care
at both the individual
and team level. Each
of these are
multifactor categories

NS

NS

NS

NS

No Limitations
Specified

NS

1. DNR orders were
misclassified 20% of the
time by nurses as full or
partial during period 1 and
misclassified 14% during
period 2 (no real
improvement).
2. Following the
intervention, agreement
regarding full or partial
DNR status between
residents and attendings
increased from moderate to
near perfect
3. 100% of DNR orders
were descriptive following
the intervention, compared
to approx. 46% before the
intervention
4. Approx. 69% of DNR
orders were considered
complete following the
intervention than before the
intervention (approx. 48%)

NS

NS

No Limitations
Specified

Heffner et
al. (1996)

NS
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Was Limited
Generalizability
Specified in
Study
Limitations?

Citation

Team Outcome

Patient Outcome

Task Outcome

Individual Outcome

Unit/
Organization
Outcome

King and
Lee (1994)

1. Physicians
perceptions of
collaborative
behavior was more
favorable than nurses,
but differences in
perceived
collaborative practice
were not significant
between the two
groups

NS

NS

NS

NS

N

NS

NS

N

Wayne et
al. (2008)

NS

NS

1. After the implementation
of the new handoff system,
perceived accuracy of
handoff information
improved.

Stockwell
et al.
(2005)

NS

NS

NS

NS

NS

N

Weller et
al. (2011)

1. Performance was
improved during
measurement periods
after the training was
introduced when
compared to before,
especially when
teams were led by
specialists

NS

NS

NS

NS

Y

NS

1. No difference in LOS
2. Following the
intervention, all DVs
showed improvement.
[also, prior to MDT,
weight at beginning of
enteral feeding was less

NS

NS

NS

N

Sneve et al.
(2008)
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Citation

Team Outcome

Patient Outcome

Was Limited
Generalizability
Specified in
Study
Limitations?

Task Outcome

Individual Outcome

Unit/
Organization
Outcome

1. Increased compliance 3,
6, and 13 months after
implementation of QRC

NS

NS

Y

NS

1. Less nurses felt
intimated when the
second questionnaire
was administered
6months
2. 65% percent of
nurses felt selfconscious during
round presentations
after 6months
compared to 72%

NS

N

than weight after
implementation

DuBose et
al. (2010)

Wright et
al. (1996)

NS

1. 50% of nurses
thought there was
inadequate
communication after
6months, compared
to 76% before

1. Following the
implementation of QRC,
there was a decrease in
VAP rates (12.41 to 8.74
per 1000 ventilator days)
2. There was a lower
incidence of VAP when
there was full compliance
(3.5% , 5.29 per 1000 vent
days) than partial
compliance (13.4%; 9.29
per 1000 vent days)
3. There was also a
reduction in the amount of
time patients spent on
mechanical ventilation
when there was full
compliance

NS
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Citation

Team Outcome

Patient Outcome

Task Outcome

Unit/
Organization
Outcome

Was Limited
Generalizability
Specified in
Study
Limitations?

NS

NS

No Limitations
Specified

NS

NS

No Limitations
Specified

1. Nurses generally
feel marginalized by
physicians during
rounds

NS

Y

NS

NS

No Limitations
Specified

Individual Outcome

before

Boos et al.
(2010)

NS

NS

Rangachari
et al.
(2010)

1. Communication
among professional
disciplines does not
occur regularly

1. Observed CLSBSI rate
of 2.5 per 1000 central line
days

Manias and
Street
(2001)

NS

Manias and
Street
(2000)

1. Open
communication was
stymied during a
global handover
because the structure
only allowed for the
nurse coordinator to
speak

NS

NS

1. CCRs provide a forum
for multiple providers to
reach consensus on issues
relating to social challenges,
complicated needs, risks,
and long-term prognoses.
1. Adherence or
documentation of optimal
catheter site selection, skin
antisepsis, and sterile barrier
protocols was consistently
lacking
2. Central line bundle scores
were 0
1. Physicians typically start
rounds before nurses have a
chance to get there and that
nurses could only contribute
during certain portions of
the discussion
1. The level of specific
patient information was
limited which led one
participant to express
frustration
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Citation

Team Outcome

Patient Outcome

Collins et
al. (2010)

NS

Ho et al.
(2007)

1. Verbal
communication was
the predominant form
of information
exchange

NS

Pickering et
al. (2009)

NS

NS

NS

Task Outcome

1. The preferred method of
information exchange was
verbal communication
because clinicians felt that
paper/electronic
documentation was not up
to date or that it was
inefficient to access that
information
1. There is a lot of time
pressure required to
complete rounds
2. Information that is
communicated comes from
a variety of sources. If
information became
difficult to query/access, the
discussion moved on to the
next topic
3. Time discussing each
patient during rounds was
about 15-20min
4. Not all information is
needed by all rounding
members, which can lead
some members to
disassociate with the
process
1. There was a significant
difference in handover
scores between phase I and
phase II
2. Handover scores were
positively associated with
clinical intention scores

164

Individual Outcome

Unit/
Organization
Outcome

Was Limited
Generalizability
Specified in
Study
Limitations?

NS

1. No formal
mechanism
outside of
rounds where
changes in
nurse-physician
plans/patient
goals are
communicated

Y

NS

1. Space
constraints limit
mobility and
line of sight
during rounds

N

NS

NS

No Limitations
Specified

Citation

Team Outcome

Patient Outcome

Miller et al.
(2009)

NS

NS

Miller et al.
(2009)

NS

NS

O'Connor
et al.
(2009)

1. 92% of participants
indicated wireless
email improved speed
and reliability of
communication
2. 88% of participants
indicated wireless
email improved
coordination

1. Participants perceived
wireless communication to
result in faster (90%) and
safer (75%) patient care

Task Outcome

1. Care coordination does
not unfold sequentially
2. 34% of all coordination
activities involved nursenurse discussions
3. Handovers were
retrospectively focused on
patient care during the
previous shift, and informal
conversations were used for
updates on the patients
current situation (nursenurse conversations)
1. Nurses involved in uni
disciplinary ICU handovers
did not discuss goals in
reference to data and
information while nurses
interdisciplinary ICUs did
discuss goals as well
2. Expectations and goals
were discussed more
frequently in
interdisciplinary rounds
than compared to
unidisciplinary rounds

NS
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Individual Outcome

Unit/
Organization
Outcome

Was Limited
Generalizability
Specified in
Study
Limitations?

NS

NS

Y

NS

NS

Y

75% of participants
indicated wireless
email to reduce staff
frustration

NS

Y

Citation

Nunnink et
a. (2009)

Cardarelli
et al.
(2009)

Vivian et
al. (2009)

Piquette et
al. (2009)

Linton et
al. (2009)

Team Outcome

NS

NS

1. Trust was linked
with cooperation,
respect competence
and professional
conduct
1. The need for
collaboration seemed
to be knowledgespecific
2. Interpersonal
conflicts can arise
3. Physicians lead the
team during crises
4. There is
intraprofessional
coordination during
crises
1. Leadership themes
include: leading by
example,
communication,

Was Limited
Generalizability
Specified in
Study
Limitations?

Patient Outcome

Task Outcome

Individual Outcome

Unit/
Organization
Outcome

NS

1. Both training groups
experienced significant
improvement in objective
and subjective domains

1. Confidence scores
were more improved
for the SBT group
than video group

NS

N

1. The median rounding
time per patient was 15
minutes (range 5-29) and
about 26% of the time
involved the presentation of
patient information

NS

1. The average
(salary) cost of
rounds per
patient was
estimated to be
$140.87 (range
of $32.40 to
$286.00
depending on
role)

N

NS

NS

1. Relationships
among nurses was
not described as
positive

NS

No Limitations
Specified

NS

1. There is a quick transition
from pre-crisis to crisis
periods

1. Sometimes it is
hard to escape
emotional connection
to patient

NS

Y

NS

NS

NS

NS

Y

NS
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Citation

Team Outcome

Patient Outcome

Task Outcome

ability to think
outside the
management square,
knowing your staff,
and stepping up in
times of crisis

167

Individual Outcome

Unit/
Organization
Outcome

Was Limited
Generalizability
Specified in
Study
Limitations?

APPENDIX C: CRITICAL INCIDENT INTERVIEW PROTOCOL
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Section 1: Teamwork in General
(These questions will define the scope of the interview and help determine what examples are selected for the
critical incident technique described in section 2. Specifically, the goal of section 1 is to identify what aspects
of teamwork they think are most important and when they are important. These questions are intended to be
supplemented by additional questions listed in section 2).

First, we would like to start by asking a few questions to guide the remainder of our
conversation.
1) What does a typical day at work look like [in your role]? Please walk me through your day
and tell me about the tasks you perform and the people you interact with.
a) How does the set of people change depending on the activities you are performing that
day?
b) Who, in terms of position rather than name, do you interact with most often in your role?
c) If you were to define a ‘team’ of people you work with, which of these individuals do
you consider as part of your team?
i) Do you consider patients to be a part of your team?
2) If you were to define the most important components of teamwork, what would they be and
why?
Provide interviewees with a copy of the team performance framework (Figure 1) and
describe its components. For example, say “Teamwork is often defined in terms of
inputs, processes, and outcomes. Here, we see how inputs of teamwork, which include
things like team member composition and task characteristics, are transformed into team
outputs such as efficiency and safety by things such as communication, planning, and
coordination.”
a) What do you think are the most important teamwork processes for the activities you
perform?
b) During which tasks is teamwork most important?
Additional probes, if appropriate:



In a few words, how would you summarize the general role of teamwork in the ICU?
In your experience, what are the skills needed to work effectively as a team?
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Section 2: Critical Incident Probes
(First, ensure interviewees have specified at least one team task/activity and/or team competency/process as
being important. The goal is to dive deeper from examples provided in section 1. The focus will be on eliciting
information about one positive and one negative example of the event and/or competency/process).

2A. Questions Targeting Team Competencies/Processes
(If the discussion in section 1 focused primarily on team competencies, rather than tasks, start here.
Otherwise, start at section 2B and skip 2A).

3) You mentioned that [insert competency/process] was an important component of teamwork.
Thinking back on your experiences, could you describe an example of a task or event that
happened when [insert competency/process] was effective and when [insert
competency/process] was not effective or needed improvement?
a) Can you provide a general timeline of activities, key decision-points, or circumstances
involved before [insert task/event]
b) Can you provide a general timeline of activities, key decision-points, or circumstances
involved during [insert task/event]
c) Can you provide a general timeline of activities, key decision-points, or circumstances
involved after [insert task/event]
Note: As first about a positive (or negative) example, then follow that example with the
alternative. That is, do not ask the participant to simultaneously describe both a positive and
negative example.
Additional probes, if appropriate:
(First, take notes on what happened in the examples, then probe for additional information that help explain why the
events happened. Emphasize key decision-making processes in bold).

Decisions:
 What were your goals?
 What options were you working with? How did you know which one was right?
Situation assessment:
 What information did you have or need?
 What cues were you attending to?
 What were your expectations?
 What did you think was happening then?
Knowledge:
 What experience helped you in the situation?
i) Did you seek out any guidance?
Composition:
 What team members were involved in the task/event and what was their role? How did
they help/hinder task execution?
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4) Comparisons and Lessons Learned
a) How did the actions taken in the ‘good’ example differ from those taken in the example
in which you felt there was a need for improvement?
i) What would you like to do differently?
ii) What tools (e.g., protocols, training) or technology would have made a difference?
b) What would you say are key lessons that were learned from these events?

2B. Questions Targeting Team Tasks or Events
5) You mentioned that [insert event/activity] was an important task that depended on teamwork.
Could you please tell me about a time when [insert event/activity] was handled well and
when [insert event/activity] did not go as well as you had hoped?
a) Can you provide a general timeline of activities, key decision-points, or circumstances
involved before [insert task/event]
b) Can you provide a general timeline of activities, key decision-points, or circumstances
involved during [insert task/event]
c) Can you provide a general timeline of activities, key decision-points, or circumstances
involved after [insert task/event]
Note: As first about a positive (or negative) example, then follow that example with the
alternative. That is, do not ask the participant to simultaneously describe both a positive and
negative example.
Additional probes, if appropriate:
(First, take notes on what happened in the examples, then probe for additional information that help explain why the
events happened. Emphasize key decision-making processes in bold).

Decisions:
 What were your goals?
 What options were you working with? How did you know which one was right?
Situation assessment:
 What information did you have or need?
 What cues were you attending to?
 What were your expectations?
 What did you think was happening then?
Knowledge:
 What experience helped you in the situation?
i) Did you seek out any guidance?
Composition:
 What team members were involved in the task/event and what was their role? How did
they help/hinder task execution?
Team Factors:
 Was there anything especially relevant to team factors? (Use probes below if necessary)
o E.g., coordination, communication, cooperation
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6) Comparisons and Lessons Learned
a) How did the actions taken in the ‘good’ example differ from those taken in the example
in which you felt there was a need for improvement
i) What would you like to do differently?
ii) What tools (e.g., protocols, training) or technology would have made a difference?
b) What would you say are key lessons that were learned from these events?

Section 3: Wrap-up Questions
7) What are the three most significant challenges (e.g., barriers/disruptors) to effective
teamwork in your unit?
a) What are the three most significant challenges to effective [insert competency/process
from section 2]?
8) What are the three most significant facilitators to effective teamwork in your unit?
a) What are the three most significant facilitators to effective [insert competency/process
from section 2]?
9) If you could suggest three mechanisms that would improve teamwork, what would they be
and why?

Section 4: Conclusions
Is there anything else you would like to share/discuss with us?
Ok, great. Thank you for taking the time to speak with us today, we greatly appreciate it. Please
feel free to call us back at ___-___-______ or send us an email at ____@_____ if you would like
to add anything or have any additional questions.
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APPENDIX D: ICU BEHAVIORAL MARKER SYTEM
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Observation Type:____________________
Team Size:____________
Team Diversity:

Size Variability:

Nurses
Only

Dimension

Communication

Duration (min):________

Physicians
Only

SubDimension
Style

*Rating

Rater Initials:_________________

Dynamic

Stable

PT Only

Multidisciplinary
Observation Notes

Date:_______________

*Dimension Rating and Debrief Notes

Content
Closed-Loop
Delegation

Leadership

Backup and
Supporting
Behavior

Norms
Offering
Backup/Support
Seeking
Backup/Support
Feedback
Goals

Team DecisionMaking

Contingency
Planning
Updating and
Revising

*1 (Poor): Performance was expected, but not observed; Performance consistently demonstrated negative teamwork behaviors.
2 (Marginal)
3 (Neutral/Acceptable): Performance was adequate. Team members demonstrated positive teamwork behaviors, but also showed areas for
improvement; Team competency acknowledged, but opportunities to further demonstrate competency precluded due to patient conditions or
situation.
4 (Good)
5 (Very Effective): Performance consistently demonstrated positive teamwork behaviors throughout the entire observation.
N/A: Performance was not expected for this team task.
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Communication - Communication refers to the style and structure of how information is
conveyed between team members. Communication entails exchanging messages using
standardized protocols with appropriate terminology in a manner that is clear, accurate, and
succinct. A key feature of communication exchanges is that they are closed-loop; the sender
conveys information, the receiver confirms the receipt of information, and the sender clarifies
any misunderstandings.
Style: Messages are conveyed in a manner that is clear and succinct.
Poor
 Uses technical jargon when discussing care
plan with patients and/or family members.
 Multiple speakers presenting information
simultaneously.
 Volume is too low and pace is fast.
 Shouting between team members.
 Vague / indirect communication
 Verbose communication.
 Communication interrupted/disrupted.

Good
 Uses lay terms when discussing care plan
with patients and/or family members.
 Only one speaker presenting information at a
time.
 The volume of speech is appropriate for all
team members to hear.
 Communication is calm, clear, and explicit.
 Manages interruptions/disruptions
appropriately.

Content: Messages are conveyed with appropriate structure and accuracy.
Poor
 Standard communication protocols/tools are
not used/followed.
 Big picture situational summaries not
provided.

Good
 Appropriate communication protocols/tools
are used/followed.
 Big picture summaries are provided.
 Rationales for orders and task assignments
conveyed.

Closed-Loop: The sender conveys information, the receiver confirms the receipt of information,
and the sender clarifies any misunderstandings.
Poor
 Directives carried out without confirming
intent.
 Receipt of information is not confirmed.
 Messages are sent electronically without
subsequent face-to-face communication.

Good
 Directive confirmed and intent to execute
verbalized.
 Receipt of communication acknowledged for
both face-to-face and electronic
communication.
 Electronic delivery of messages is followedup with face-to-face communication.
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Leadership - Team leadership refers to the management of team resources/personnel,
establishment of team norms, and provision of opportunities to foster the development of
knowledge and skills. Team leaders ensure there is clarity of team member roles/responsibilities
and that input from all team members is welcomed.
Delegation: The management of team resources/personnel.
Poor
 Team member asks for clarification with no
resolution.
 Care plans and responsibilities are dictated
without input from other team members.
 Workload is arbitrarily assigned to clinical
team members.
 Expectations of taskwork assignments are
not established.

Good
 Roles and responsibilities delegated clearly
 Roles and responsibilities assumed
implicitly with clear coordination and
synchronization.
 Leader confirms team has a shared
understanding of care plans and priorities.
 Team leader describes the importance of
assigned taskwork in relation to care goals.

Norms: The establishment of standards and models of behavioral expectations.
Poor
 Input from team members is dismissed or
discouraged based on role and status
hierarchies.
 Good work is not acknowledged.

Good
 Team establishes an inclusive atmosphere by
seeking input from all team members and
encouraging questions, regardless of role
(including the patient).
 Team leader acknowledges good work and
provides positive reinforcement.
 New team members introduce themselves to
the clinical team.
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Backup and Supportive Behavior - Backup and supportive behavior refers to proactively
seeking and providing task-related assistance.
Offering Backup/Support: Offering task-related assistance.
Poor

Good

 Does not offer assistance when another team
member is overloaded.
 Do not support each other’s decisions in
front of patient’s and family members.
 Team members do not cross check to
confirm recommended plans are being
executed.

 Reallocates work when a more critical task is
presented.
 Offers help throughout the shift/performance
episode.
 Team members support each other’s
decisions in front of patients and family
members.

Seeking Backup/Support: Proactively requesting task-related assistance.
Poor

Good

 The page system is used to solicit assistance
for planned clinical activities.
 Does not seek assistance during emergent
event.
 Requests assistance from overloaded team
member.


 Informs other team members when assistance
is needed prior to planned clinical activities.
 Immediately requests assistance during acute
situation.
 Recognizes when overloaded and engages
appropriate resources

Feedback: The provision of error correction and developmental behaviors.
Poor

Good

 Sr. clinician intervenes without explaining
rationale.
 Assistance and feedback not provided during
unfamiliar tasks.
 Team member receives no feedback when
errors or near misses occur.

 Identifies errors/near misses and assists with
remediation.
 Assistance and feedback are provided for
unfamiliar tasks.
 Provides feedback when errors or near
misses occur.
 Teaching opportunities are provided through
probes for additional information or by
offering additional information about the
case or treatment plan.
 Verbalizes discrepancies.
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Team Decision-Making - Team decision-making refers to the team’s ability to determine goals,
develop plans and strategies for task accomplishment, and identify contingencies.
Planning and Establishing Goals: Team members identify care goals, methods to achieve goals,
and anticipated outcomes (prospective).
Poor

Good

 Treatment plans are executed without a
formal discussion.
 Anticipated outcomes of treatment activities
are not identified.
 Treatment plans developed without diverse
input.

 Team members deliberately discuss, propose,
and prioritize the planned course of patient
care for each patient.
 Team members define anticipated outcomes.
 Team members discus resource needs to
accomplish goals

Contingency Planning: Team members prepare for likely scenarios that alter care plans.
Poor

Good

 Does not consider unanticipated outcomes or
barriers/challenges that may impede progress.
 Team members do not specify alternate
treatment plans should unexpected event
occur.
 Alternate plans are specified without
justification.

 Identifies conditions or events that may alter
treatment plans, including barriers and
challenges that may impede progress.
 Specifies alternative courses of action for
treatment plans.
 Discuss why there is a need for alternate
treatment plans.

Updating and Revising: Team members discuss updates and make revisions to care goals as
needed (retrospective).
Poor

Good

 Treatment plans are not modified in response
to changing patient conditions.
 Team members do not discuss the underlying
factors that prompted care plans to change.
 Unique information not shared.
 Assessment of care plan effectiveness not
shared among team members.

 Review information relating to care, whether
those goals have been achieved, and what
needs to be accomplished if those goals have
not been realized.
 Identify any challenges encountered while
executing care plans and emerging issues.
 Relevant team members (including P/F) are
informed of updates to care goals and pans,
changing patient conditions, and following
consults with inter-unit staff.
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